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Plans to Attend~ 


27TH ANNUAL MEETING 


OF THE 


FEDERATION OF 
SEWAGE AND INDUSTRIAL WASTES 
ASSOCIATIONS 


IN CONJUNCTION WITH 


OHIO SEWAGE AND INDUSTRIAL WASTES 
TREATMENT CONFERENCE 


NETHERLAND PLAZA HOTEL 
CINCINNATI, OHIO 


October 11-14, 1954 


FEDERATION OF SEWAGE AND INDUSTRIAL 
WASTES ASSOCIATIONS 


325 ILLINOIS BUILDING CHAMPAIGN, ILLINOIS 
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Scru-Peller Pumps are designed spe- 
cifically for pumping primary sludge, 
are positive in operation and _ truly 
clog-proof. 


Continuous multiple shearing action 
is provided by stellited cutting edges 
of the screw and eight stellited cut- 


ting bars positioned in the screw and 


pump housings. 


Heavy-duty ball bearings at each end 
of the serew and impeller shaft elim- 
inate strain and vibration, permitting 
pump to withstand sudden and severe 
overload shocks. 


Three of the 27 Scru-Peller Pumps installed at 
the Hyperion Sewage Treatment Plant, Los 
Angeles, California. Board of Public Works and 
Metcalf & Eddy, Engineers. 


CHICAGO PUMP COMPANY 


SEWAGE EQUIPMENT DIVISION 
622 DIVERSEY PARKWAY CHICAGO 14, ILLINOIS 


Flush Kleen, Seru Peller, Plunger 
Honsontal and Vertice! Non Clogs Mechenical A 
Wate: See! Pumping Unite, Semplers Comminutors. 


More than 12,000 installed in 
lift stations, buildings and ships 


Flush-Kleens can’t clog because rags 
never reach the impeller. Specially 
designed strainers in the discharge 
line retain all coarse matter. Sewage 
flows over the strainer and through 
one of the pumps to the wet well. 
When the pumps operate alternately 
they pump only strained sewage. No 
rags or coarse material ever pass 
through the pump casing. Each 
strainer is automatically flushed clean 
during its pumping cycle. 


One of 11 Flush-Kleen Lift Stations installed in 
the City of Portland, Oregon. The discharge line 
has been cut away to show the strainer. These 
stations were designed by Stevens and Koon for 
the Engineers Portland Sewerage Project. 
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SEWAGE AND INDUSTRIAL WASTES 


REG. U. 8. PAT. OFF. 


A monthly Journal devoted to the advancement of fundamental and 
collection, treatment and disposal of sewage and industrial wastes, and the 


ment of such works. 


PUBLICATION OFFICE 
Prince and Lemon Sts., Lancaster, Pa. 


EDITORIAL AND EXECUTIVE OFFICES 
325 Illinois Bldg., Champaign, Ill. Send all manuscripts, advertising copy, subscriptions, address changes, etc. 
to this address. 


SUBSCRIPTION RATES 
Members of local sewage works associations affiliated with the Federation, $5.00 per year. 


Non-members: U. S. and Canada, $7.50 per year; other countries, $9.00. (Foreign subscriptions must be accom- 
) 


panied by International Money Order. 


Single copies: United States $1.00 each; Foreign, $1.25 each. 


ractical knowledge concerning the nature, 
esign, construction, operation and manage- 


CLAIMS 


No claims will be allowed for copies of Journals lost in the mails unless such claims are received within sixty 
(60) days of the date of issue and no claims will be allowed for issues lost as a result of insufficient notice of change 
of address. ‘Missing from files” cannot be accepted as the reason for honoring a claim. 


MAILING PERMIT 


Entered as second-class matter, May 7, 1934, at the post office at Lancaster, Pa., under the Act of March 3, 1879. 
Accepted for mailing at the special rate of postage provided for in the Act of February 28, 1925, embodied in para- 


gtaph (d-2), Section 34.40, P. L. & R. of 1948, authorized October 4, 1945. 
REFERENCE SERVICE 


Sewage and Industrial Wastes is indexed regularly by /nmdustrial Arts Imdex and Engineering Index. 
Microfilm copies of this Journal may be procured from University Microfilms, Ann Arbor, Mich. This service is 


limited to regular subscribers only. 


i 
385 
eves 
| 
> 
A 
| 
j 
in 


SE AGE A D rT S1 W I ES g 
N 

4 


waste flow meters 
electric, pneumatic 
eeder control 


for 
pers 


The 
accurate, 


formance 


Venturi Meter 
reliable 


PLUS 


— 


(it OLS | 
- 
&§ 
Meters and controls engineered specifically for water, sewage: and waste 8 : 
plants proven in thousands of installations: 
Chiorinating Equipment cy 
Pump controls, gutomatic, supervisory 
Water level controllers, recorders a 
4 
Engineering information On flow meters and controls 
industrial waste treatment guide 
4 add your name to our mailing list es 
S | Nationwide service help 
New preventive maintenance service plan — 
For up-to-the-minute information the latest 
A in. meters and controls, address Builders- 
Providence: Inc. (Division of B-I-F Industries, Inc.), 
368 Harris Avenue, Providence i; Rhode \sland. = 
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FSIWA MEMBER ASSOCIATIONS 


Alabama Water and Sewage Assn.® 
Pror. W. L. Samvuet, Secretary 
Alabama Polytechnic Institute 
Auburn, Alabama 


Arizona Sewage and Water Works Asen.* 
QueNTIN M. Mees, Sec.-Treas 
721 N. Olser 
Tucson, Ariz. 


Arkansas Water and Sewage Conf.* 
Dr. Harrison Hate, Sec.-Trees. 
c/o Southern State College 
Magnolia, Ark 


California Sewage and Industrial Wastes Assn. 
J. C. Sec.-Treas 
4822 N. Dunsmore Ave. 
La Crescenta, Calif 


Canadian Institute on Sewage and Sanitation 
Dr. A. E. Berry, Sec.-Treas. 
Ontario Dept. of Health 
Parliament Bldgs. 
Toronto 8, Ontario, Canada 


Central States Sewage and Industrial Wastes 
Assn. 
A. Paut Troemper, Sec.-Treas. 
2029 Bates Avenue 
Springfield, Ill. 


Dakota Water and Sewage Works Conf. 


North Dakota Section® 
Jerome H. Svorz, Sec.-Trees. 
c/o State Dept. of Health 
Bismarck, Dak. 


South Dakota Section® 
E. Cart, Sec.-Treas. 
c/o Div. of Sanitary Engineeri 
State Board of Health, Pierre, 


Federal Sewage Research Assn. 
Liroyp W. GesHarp, Sec.-Treas 
Rm. 4220, Health, Education “h Welfare Bldg., So., 
Washington 25, BD. C. 


Florida Sewage and Industrial Wastes Assn. 
Donatp P. ScHIESSWORL, Sec.-Treas. 
O. Box 210 
Jacksonville 1, Fla. 


Georgia Water and Sewage Assn.* 
A. T. Storey, Sec.-Treas. 
1210 Hemphill Ave., N.W. 

Atlanta, 
(Germany) Abwa 
Otto Sec.-Treas. 

Theaterstrasse 24 
Bonn, Germany 

Institute of Sewage Purification 
W. F. Freeporn, Sec. 
34 Cardinal’s Walk, 
Hampton-on-Thames, 


Dak. 


Vereinigung 


Middlesex, 


Institution of Sanitary Engineers 
Ernest V. Batsom, Secretary 
118 Victoria St. 
Westminster, S. W. 1, London, England 


lowa Sewage Works Assn. 
L. F. Sxorczesx1, Sec.-Treas. 
207 South 15th Ave. 
Marshalltown, lowa 


England 


Kansas Sewage and Wastes Assn. 


Ropert H. Hess, Sec.-Treas 
Supt. of Water and Sewage Treatment 
City Building 


Wichita 2, Kansas 
Kentucky-Tennessee Industrial 
Sewage Works Assn. 
R. Paut Sec.-Treas. 
420 Sixth Ave., N., Nashville 3, Tenn. 


Conference on Water Supply and 
Sewerage * 
Greorce H. West, Sec.-Treas 
P. O. Box 15, Water Dept., 


* Sewage Works section. 


Wastes and 


“Lake Charles, La 


Marvland-Delaware Water and Sewerage Asan.* 
Ww. Binctey, Sec.-Treas. 
2411 N. Charles St., Baltimore 18, Md. 
Michigan Sewage and Industrial Wastes Assen. 
D. M. Prerce, Sec.-Treas. 
Michigan Dept. of Health 
Room 334, Admin. Bldg., Lansing 4, Michigan 
Missour! Water and Sewerage Conf.* 
Warren Kramer, Sec.-Treas 
c/o State Office Bldg., Sixth Floor 
Jefferson City, Mo. 
Montana Sewage and Industrial Wastes Asen. 
Harvey W. Taytor, Sec.-Treas. 
Morrison & Maierle Inc. 
Helena, Montana 


Nebraska Sewage and Industrial Wastes Assn. 
Paut W. Mouse, Secretary-Treasurer 
602 West B Street, McCook, Nebr. 
~~ England Sewage and Industrial Wastes 
sen. 
StepHen M. Hurtey, Jr., 
c/o State Det. of Health 
331 State ce Bldg., Providence, R. I. 
New Jersey Sewage and Industrial 
Assn. 
Micwaet S. Kacnworsxy, Sec.-Treas. 
P. O. Box 766, Manville, N. J. 
New York Sewage and Industrial Wastes Assen. 
C. Sweeney, Secretary 
c/o State Dept. of Health 
21 N. Broadway, White Plains, N. Y. 
— Carolina Sewage and Industrial Waste 
C. Husparp, Sec.-Treas. 
a. Board of ‘Health, Raleigh, N. C. 
Ohio Sewage and Industrial Wastes Treat- 
ment Conf. 
Warp E. Conran, Sec.-7' 
301 Ohio Depts. Bldg., Gates 15, Ohio 
Oklahoma Water, Sewage and Industrial Wastes 
Conf.* 
H. J. Darcey, Sec.-Treas. 
State Dept. of Health, Oklahoma City 5, Okla. 
Pacific Northwest Sewage and Industrial 
Wastes Assn. 
WALTER W. Saxton, Sec.-Treas. 
408 Old Capitol Bldg. 
Olympia, Wash. 
Pennsylvania Sewage and Industrial Wastes 
ssn. 
B. S. Busu, Sec.-Treas. 
c/o Pennsylvania Dept. of Health 
Kirby Health Center, Wilkes-Barre, Pa. 
Puerto Rico Water and Sewage Works Assn. 
Ropert J. Autp, Sec.-Treas. 
c/o Puerto Rico Aqueduct and Sewer Service 
Box 2832, San Juan 12, Puerto Rico 
Rocky Mountain Sewage Works Assn. 
C. E. Harness, Sec.-Treas. 
376 City and County Bldg., Denver, Colorado 
South Carolina Water and Sewage Works 
Assn.* 
W. T. Linton, Sec.-Treas 
Wade Hampton Blidg., Columbia, S. C. 
(Sweden) Foreningen Vattenhygien 
Erik Jonsson, 
Box 5038, Stockholm 5, Sweden 
(Switzerland) Verband Abwas- 
serfachleute 
Epuarp Hotincer, Treasurer 
Spitzackerstrasse 17, Liestal, Switzerland 
Texas Water and Sewage Works Asen.* 
V. M. Enters, Sec.-Treas. 
2202 Indian Trail, Austin, Tex. 
Virginia Industrial Wastes and Sewage Works 
Assen. 
Jr., Sec.- 


J. L. Hamer 
415 W. Franklin St., Kichrond 20, Va. 


West Virginia Sewage and Industrial Wastes 


Sec.-Treas. 


Wastes 


O. Fortney, Sec.-Tre 
State Dept. of Health, Charleston, W. Va. 
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of Flow, Liquid Level, Pressure 


NEW! SIMPLEX 
ORTHOFLOW 


@ Now you can transmit data accurately 
over great distances for instant reference 
at central or control points. 
TRANSMITTER — Compact new electric unit 
actuates both in-plant and remote meters 
... unaffected by normal variations in volt- 
age, temperature. Simple, dependable, rug- 
ged. Accuracy of +2% at any point over 
wide flow ranges. 

RECEIVER—Time-proven Simplex H Meter. 
Precisely duplicates transmitted data... 
automatically resets to correct data after 
power interruptions. Indicates, records, to- 
talizes. Easy-to-read flow scale and chart. 
WRITE FOR BROCHURE — Simplex Valve & 
Meter Company, 6719 Upland St., Phila- 
delphia 42, Pa. 


AL VE A N M ETE 
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MEMBER ASSOCIATION MEETINGS 


Association Place Time 


Pennsylvania Sewage and The Pennsylvania Aug. 25-27, 1954 
Industrial Wastes Assn. State Colleyre, 
State College, Pa. 


Towa Sewage Works Hotel Russell- Sept. 14-16, 1954 
Assn. Lampson, 
Waterloo, Iowa 


Kentucky-Tennessee Industrial Andrew Jackson Sept. 20-22, 1954 
Wastes and Sewage Works Assn. Hotel, 
Nashville, Tenn. 


North Dakota Water and Hotel Dakota, Sept. 22-24, 1954 
Sewage Works Conf. Grand Forks, N. D. 


Georgia Water and Georgia Institute Sept. 22-24, 1954 
Sewage Assn. of Technology, 
Atlanta, Ga. 


Missouri Water and Hotel Governor Sept. 26-28, 1954 
Sewage Conf. Jefferson City, Mo. 


South Dakota Water and Lawler Hotel Sept. 28-30, 1954 
Sewage Works Conf. Mitchell, So. Dak. 


TWENTY-SEVENTH ANNUAL MEETING 


Federation of Sewage and Industrial Wastes Associations 
in conjunction with 
Ohio Sewage and Industrial Wastes Treatment Conference 
Netherland Plaza Hotel, Cincinnati, Ohio 


October 11-14, 1954 


Pacific Northwest Sewage Hotel Eugene Oct. 21-23, 1954 
and Industrial Wastes Assn. Eugene, Oregon 


Canadian Institute on Windsor Hotel Oct. 25-27, 1954 
Sewage and Sanitation Montreal, P. Q. Can. 


New England Sewage and Hotel Stratfield, Oct. 28, 1954 
Industrial Wastes Assn. Bridgeport, Conn. 


Rocky Mountain Sewage Broadmoor Hotel, Nov. 8-10, 1954 
Works Assn. Colorado Springs, 
Colo. 


Florida Sewage and Sorrento Hotel, Nov. 8-10, 1954 
Industrial Wastes Assn. St. Petersburg, Fla. 


North Carolina Sewage George Vanderbilt Nov. 8-10, 1954 
and Industrial Wastes Assn. Hotel, 
Asheville, N. C. 


West Virginia Sewage and Hotel Prichard, Nov. 9-10, 1954 
Industrial Wastes Assn. Huntington, West Va. 


Nebraska Sewage and Keystone Hotel, Nov. 11-12, 1954 
Industrial Wastes Assn. McCook, Nebraska 


Oklahoma Water, Sewage and Student Union Bldg., Noy. 15-20, 1954 
Industrial Wastes Conf. Stillwater, Okla. 
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from the YEOMANS GUARD 


As effective in 

protecting public health 

as it is certain in 
conserving public dollars— 
the revolutionary Hi-Cone 


It is correct to deseribe the new Hi-Cone as: 


@ The most important advance in sewage 
treatment efficiency since the activated 
sewage principle was established. 


@ The most effective contribution in 25 
vears to control of tax dollars for health 
protection—in large and small communi- 
ties. 

@ A revolutionary development in surface 


aeration which makes all other types of 
aeration obsolete. 


As a convenient, succinct statement on Hi-Cone, 
Yeomans has issued a brochure setting forth 
such typical facts as these: 


@ A mechanical aeration plant and a dif- 
fused air plant operating side-by-side for 
15 years—same sewage, equal effluents 
—showed these average annual costs of 
maintenance repairs and renewals per 
million gallons—mechanical aeration... . 
18 cents—diffused air 98 cents. 


@ Diffused air plants cannot approach sur- 
face aeration plants as to sustained effi- 
ciency and power cost. Of the two plants 
mentioned the surface aeration plant used 
2.5 hp less per million gallons treated than 
the diffused air plant. 


@ Hi-Cone surpasses the best records of 
diffused air plants as to 5-day BOD and 
suspended solids reduction with an equal 
aeration period. 


@ Hi-Cone is suitable to any size of com- 
munity—and the bigger the plant the 
bigger the savings: in capital expense, 
maintenance cost, power cost. 


YEOMANS COMPANY 


Can old style mechanical aeration plants he 
modernized by conversion to Hi-Cone?—Yes: 
with astonishing dollar-benefits to taxpayers. 
These facts about the Hi-Cone, based on 25-year 
publie records, are obtainable from your local 
Yeomans representative—or write us. 


“Difficult” Industrial Wastes 


are Yielding to Yeomans— 


WHAT’S YOURS? 


A number of industrial wastes, including some 
described as “‘difficult,’’ are being treated in 
Yeomans plants—with results described in some 
instances as “‘miraculous.” 

Efficient treatment is the main objective, of 
course; but the extraordinarily low cost of 
Yeomans plants—as to both construction and 
operation—is a factor that is pleasant to con- 
sider. 


If you have a knotty problem of industrial waste 
treatment, it makes much sense at absolutely no 
cost to find out how we may be able to help solve 
it. Just write a letter. 


How Shone Ejector Works— 
Pictured in New Slide Film 


The famous Shone® Pneumatic Ejector, symbol 
of complete reliability since 1870, is now winning 
new honors for its photogenic qualities before 
the camera. 


A slide film revealing the inside story of exactly 
how the Shone works is enjoying an extraordi- 
nary demand by Yeomans representatives for 
exhibit to professional, industrial and civic 
official audiences. 

An accompanying sound-track provides a full 
explanation of Shone mechanics and special fit- 
ness for particular types of service; and includes 
an interesting summary of Shone history and 
achievements. 


You'll find a look at this “visual” is time well 
invested. Call your Yeomans representative-— 
or write us. 


® Registered Trademart 


1999-7 N. RUBY STREET, MELROSE PARK, ILLINOIS 
Manufacturers of: Centrifugal Pumps and Pneumatic Ejectors for Buildings, Municipalities, and 


Industrial Applications, and a Full Line of Waste Treatment Equipment. eum 
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FOR 100 YEARS 


Ewing Galloway 


This is Chicago, 
second largest city 
in the U. S. A.— 
population over 
31% million. 


A view of Lake Street, Chicago, 


as it looked 100 years ago. 
Print: Bettmann Archive 
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they've been coming 
back for more... 


CHICAGO installed cast iron 
water mains 100 years ago... 
and instalis them todayl 


A famous jurist defined good will as the 
“probability of the customer’s returning to the 
old stand.”” Chicago’s Water Department has 
been coming back for more cast iron pipe for 100 
years. That’s good wili—yes—built on proved 
performance. Chicago has century-old 

cast iron pipe in its water distribution system. 


Cast iron pipe has been a rugged, long-lived 
product from the earliest days. Today’s 
modernized cast iron pipe, centrifugally cast, is 
even stronger, tougher, and more uniform 

in quality. And, where needed and specified, it 
. is centrifugally lined with cement mortar 

to assure sustained carrying capacity 
throughout the long life of the pipe. 


Cast Iron Pipe Research Association, 
- Thos. F. Wolfe, Managing Director, 
122 So. Michigan Ave., Chicago 3. 


Section of a century-old cast iron 
main still serving in Chicago's 
vast water distribution system. 


Service Mark 
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For trouble-free, low cost 


measurement of — 


SEWAGE 
INDUSTRIAL WASTES 
SLUDGE 
IRRIGATION WATER 


BAILEY 


OPEN CHANNEL METERS 
Offer These Advantages: 


1. Easy to Install 

2. Retain Accuracy 

3. Self-Cleaning 

4. Adjustable Capacities 

5. Totalize Multiple Flows 

6. Chemical Feed Control 

7. Flow and Ratio Controls 
Ask for Bulletin 62 


BAILEY METER COMPANY 


1066 IVANHOE ROAD + CLEVELAND 10, OHIO 
METERS and CONTROLS for SEWAGE and WATER 


VENTURI TUBES, FLUMES, WEIRS, NOZZLES, ORIFICES * DIRECT MECHANICAL AND REMOTELY 
LOCATED REGISTERS * AIR-OPERATED, ELECTRONIC AND ELECTRIC CONTROLS. 
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Boosts mill scale recovery 
from 250 to 475 tons a week 


Mill scale removed from steel strip by high 
pressure sprays, is sluiced from hot strip mill 
to concentrator, from which it is removed by 
three Link-Belr Straightline Collectors. Two 


Link-Belt belt conveyors—a horizontal collect- 
ing belt and an inclined pivoted loader—then 
carry scale to railroad cars. After fusing by 
sintering, the recovered scale is charged into 
blast furnace 


Steel mill also eliminates clogged sewers 
with LINK-BELT Straightline Collectors 


ERE'S the case of a mill thac saw its profits literally “going 

down the drain"—and did something about it. Before 
installing Link-Belt Straightline Collectors, almost half the 
scale passed into the sewers, causing frequent clogging. 


Now, with their new collectors, they've boosted recovery 
from 250 to 475 tons a week. Since the scale is 72° pure iron, 
each ton is equivalent to 11/2 tons of ore. And the waste water 
is actually clearer than the river water . . . aiding the anti- 

river-pollution program. 


No matter what your waste treatment problem, you'll find 
; it pays to call in a Link-Belt engineer. Drawing on Link-Belt's 
ee broad experience in this highly specialized field, he can recom- 
ve mend the equipment best suited to your requirements from 
‘ - the complete Link-Belr line. Ask your Link-Belt office for 


further information. 


LINK 


‘a., Atlanta, Houston, Minnea an Francisco, Angeles, Seattle, 

Toromo, (South Africa), Sydney 

=| les Offices in Principal Cities. 19,094 
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SLUDGE DISPOSAL SYSTEM 


FAN AIR COOLING 
CONVEYING | 


CYCLONE 
FERTILIZER - 


STORAGE 
CYCLONE 
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CAGE MILL 


Only the C-E Raymond System of Flash Drying & Incineration offers the 
proved, practical flexibility which permits either flash drying sewage sludge 
to a marketable fertilizer . . . or incinerating it to a sterile ash—in any pro- 
portion and under complete control. In either case, too, high temperature 
deodorization of stack gases may be included if you wish. 

This flexibility of the C-E Raymond System is an important reason why it 
is the most widely used heat method of sewage sludge disposal. In fact, the 
total daily capacity of C-E Raymond Systems installed, under construction or 
on order is nearly 50% more than all other heat methods combined. 

Furthermore, the C-E Raymond System has been proved in service in com- 
munities of every size—ranging in equivalent population from 6,000 to 
3,600,000 —and located in every section of the country, coast to coast. 

So, whatever your particular requirements, look to the leader for help in 
selecting the proper equipment. The services of a qualified engineer are 


freely available to you or your consultants. B.755A 


COMBUSTION ENGINEERING 


RAYMOND DIVISION 
1315 North Branch Street, Chicago 22, Illinois 
Eastern Office: 200 Madison Ave., New York 16, N. Y. Western Office: 510 W. Sixth St., Los Angeles 14, Calif. 
ALSO FLASH DRYING AND INCINERATION SYSTEMS FOR INDUSTRIAL WASTE DISPOSAL 
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The full pipe area of O.C.£ Cylindrical 
Plug Valves guarantees smooth flow of 
viscous lading, such os found in this 
ROOFING ASPHALT PLANT. Since the 
Valve hos equivalent area to the pipe, 
there is no retarding of the free flow of 
moterial, 


The knife-edge action of the Q.C.f- Cylindri- 
col Plug eosily shears obstructions found in 
SEWAGE TREATMENT PLANTS. This action 
clears stoppages. .. allows for steady flow. 


> 


Representotives in $0 Principal Cities 
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Q.C-£ Valves stop erosion 
from solids in suspension in 
INDUSTRIAL PROCESSING. 
This ¢ pony hos ch d 


Valves dace 1937. 


Becouse of their quick quarter-turn shut-off, 
Cylindrical Plug Valves are important 
in NATURAL GAS INSTALLATIONS. This al- 
lows immediate control of flow. Now TEFLON* 
GASKETS provide even greater dependability 
agoinst head leakage. -rrriom 1s « 


Write for. descriptive Cetelog 4-S! to A.C.F. 
Industries, Incorporated, Valve Division, 1501 
E. Ferry Avenue, Detroit 11, Michigan. 
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Through the years Lock Joint has proven itself in water 
supply and transmission mains—and now more and 
more sanitary engineers are realizing its value for sewer ; Lock Joint Prestressed 
force mains. It withstands high internal pressures and ’ readily withstands the 
external loads, resists corrosion, tuberculation and rup- hal aw, and 
ture, has watertight flexible joints and will maintain a 
high carrying capacity for an estimated life of over 
100 years. 

Its performance is unexcelled, yet this high quality 
pipe is low in first cost and is virtually free from repair 
and maintenance charges. For top performance at rock 
bottom cost, specify Lock Joint Prestressed Concrete 
Cylinder Pipe for your next sewer force main project. 


Its ability to withstand heavy back- 
loads frequently makes it possible 
to lay Lock Joint Prestressed Con- 
crete Cylinder Pipe in deep cuts 
without special bedding. The speed 
with which it may be laid and the 
fact that it can be immediately 
backfilled usually makes it unneces- 
sary to sheet the trench 


SCOPE OF SERVICES—Lock Joint Pipe Company special- 
izes in the manufacture and installation of Reinforced Con- 
crete Pressure Pipe for Water Supply Distribution Mains ina 
wide range of diameters as well as Concrete Pipes for Sani- 
tary Sewers, Storm Drains, Culverts and Subaqueous Lines. 


LOCK JOINT PIPE COMPANY 


Est. 1905 
P. ©. Box 269, East Orange, N. J. 
PRESSURE PIPE PLANTS: 
Wharton, N. J.. Turner, Kan., Detroit, Mich 
BRANCH OFFICES: Casper, Wyo. + Cheyenne, Wyo. + Denver, Col 
Kansas City, Mo. + Valley Park, Mo. « Chicago, Il. « Rock Island, Il. 
Wichita, Kan. + Kenilworth, N. J. + Hartford, Conn. + Tucumcari, 
N. Mex. + Oklahoma City, Okla. + Tulsa, Okla. 
Beloit, Wis. Hato Rey, P. BR. 
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IOWA 


1OWA CHECK VALVES— 
Swing gate type for use in either 
horizontal or vertical pipe lines. 
Bronze trimmed throughout. Stain- 
less steel hinge pins. Leather or 
rubber faced gates, or solid bronze, 
as desired—aluminum gates avail- 
able for air service. 


for every job 
owa’s complete line of 
ves for treatment plants 
assures you of = 
efficient operation, 
yw maintenance cost, and 
replacement parts when 
eeded in years to come. 


~ 


FLAP VALVES—aii 
iron; can be furnished with bronze 
hinge bolts or fully bronze mounted 
—including bronze bolts, flap ring 
and seat ring—when required. 


PLUG DRAIN VALVES— 
either rising or non-rising stem type. High 
strength cast iron bodies; bronze 
stem, operating nut, disc ring and 
seat ring; rustproof steel bolts and 
nuts. Handwheels, extension stems, ee 
plain or indicating floor stands if j 
required. 


2504 


1OWA MEDIUM AND LOW 
PRESSURE VALVES—eithe: 
non-rising stem or outside screw 
and yoke types. Designed as care- 
fully as those conforming to 
A.W.W.A. specifications but with 
lighter construction for lower 
pressures. 


Whit Tooay fou 


CLOW HYDROSTATIC RE- 
LIEF VALVES — commonly 
used in bottom of concrete tanks 
to prevent ground water from float- 
ing the tank. Close-grained cast 
iron body and lid; lead seat ring 
and lid ring. Cast iron grate in bot- 
tom prevents foreign matter from 
entering tank. 


IOWA SLUICE GATES—can be used 

| | in lines having both seating and unseat- 

SHEAR GATES—either all iron ing pressures. High strength cast iron, 

or iron, bronze mounted. Gate-seating la ie] bronze mounted, with solid bronze adjust- 

wedges bolted on, permitting replacement ; c able wedges. Can be equipped with cyl- 

without replacing frame. : mm fe inder or motor unit for automatic 
operation. 


/\ | 
For 45 years a reliable source for 
precision engineered products 


IOWA VALVE COMPANY 
201-299 N. Talman Ave., Chicago 80, Illinois 
A Subsidiary of James B. Clow & Sons 

\ \ \ 
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GaS SUPPLY 
187 TO LABORATORY 
PRESSURE REDUCING “(ALTERNATE 
REGULATOR 4 arnec” FIG. 450 
TRAP 
SSEMBLY 
RELIE asst 
me TRAP ste 


\ 
ator LINES | 
Shane CT NOT LESS THAN 10° 


FROM REG ULATORS 


="VAREC™ FIGS 245 OR 


248 TRAP 


NOT FURN) 
GAS SUP: 
| FROM DIGESTERS 
a || PLOT SUPP 


TO 


“Ts 
OFIP TRAPS aT act LOW POF 


GAS PIPING SCHEMATIC 


Utilizing sewage gas and safely disposing of 
excess gas is an automatic operation with “VAREC” 
Equipment incorporated into your sewage plant 
design. With this equipment, accurate gas pres- 
sures are maintained in all service lines. As soon as 
the digesters make more gas than required for 
service, the pressure relief valve to the waste gas 


GAS EQUIPMENT 
SPECIFICATIONS 
PRESSURE RELIEF AND FLAME 
TRAP ASSEMBLY 
“VAREC” Fig. No. 440 


FLAME TRAP ASSEMBLY 
“VAREC” Fig. No. 450 
FLAME CHECK 

“VAREC” Fig. No. 52A 
EXPLOSION RELIEF VALVES 
“VAREC” Fig. No. 70-1 


WASTE GAS BURNER 

“VAREC” Fig. No. 236 

DRIP TRAPS 

“VAREC” Fig. No. 245 
( automatic ) 

“VAREC” Fig. No. 248 
(hand operated ) 

MANOMETERS 

“VAREC” Fig. No. 216A 


burner opens to permit safe burning of the excess. 


Flame flashback to valuable equipment is pre- 
vented with “VAREC” Flame Traps and Flame 
Checks. The flame arresting element of the Flame 
Trap is designed to eliminate flame propagation of 
even more inflammable gases than encountered in 
sewage service. This element is the same as that 
used in “VAREC” Flame Arresters listed by the 
UNDERWRITERS’ LABORATORIES for petro- 
leum product storage. 


Emergency explosion relief is accomplished with 


“VAREC” Explosion Relief Valves. These valves 
should be installed outside of any buildings. 


An enlarged engineering drawing of the above 
gas piping detail will be sent upon request. If you 
design sewage treatment plants, write today. 
THE VAPOR RECOVERY SYSTEMS CO. 


COMPTON, CALIFORNIA, U. S$. A. 
Cable Address: VAREC COMPTON USA (All Codes) 


New York, N.Y. © Boston, Mass. © Pittsburgh, Pa. © Chicago, Ill. © Detroit, 
Mich. St. Louis, Mo. ® Houston, Texas * Tulsa, Okla. © San Francisco, 
Colif. * Seattle, Wash. Minneopolis, Minn. * Honolulu, Hawall 


Available from authorized Sewage Equipment 
agents throughout United States ond Canada 
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Note distorted 
crown of the 
old brick sewer. 


Armco Assestos- 
Corru- 
gated Pipe in 
relined Mil- 
waukee sewer. 
Paveo-Invert pro- 
tects against 
erosion. 


You won’t know unless you look. Fail- 
ing sewers often keep their secret until 
it is too late. 

In Milwaukee, inspection showed 
an old 96-inch combined brick sewer 
was at the point of failure. Various 
materials were considered for the re- 
pair job, but Armco ASBESTOS- BONDED 
Sewer Pipe was finally selected. It was 
strong, corrosion-resistant and its in- 
stallation would not disturb the exist- 
ing structure or materially reduce the 
waterway area. The pipe was installed 
in 8- to 20-foot lengths, reducing the 
number of joints required. Costs were 
low and the work went fast. 

Armco Corrugated Metal Pipe is 


Sewers 
Failing? 


also widely used for new sanitary and 
storm sewers as a safeguard against 
future trouble and expense. Why not 
write us today for details? And don’t 
forget about planning an inspection 
for your present sewer. It may save 
trouble later on. Armco Drainage & 
Metal Products, Inc., 1274 Curtis 
Street, Middletown, Ohio. Subsidiary 
of Armco Steel Corporation. 


ARMCO 
SEWERS 
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Floorstand equipped with Motor Unit... control panel, 
motor, limit switch and push button station. 


Chapman Motor Units have 
fewer components than any other 
units, providing greater depend- 
ability, much lower maintenance 
costs. 

There are only two pinions 
and two gears in the motor re- 
duction train: drift is eliminated 
and lash is negligible. Your 
valves seat tight, but not too 
tight. Operation is a/ways smooth 
and trouble-free. 

You can mount the Chapman 
Motor Unit in any position, at 
any angle required. The rugged 


Simple and 
... 


CHAPMAN’S 
MOTOR UNIT 


for Valves, Floorstands 
and Sluice Gates 


Simple, durable mechanism of Chapman's Motor Unit. 
Handwheel remains stationary during motor operation. 


stub-tooth gears require no 
grease or oil bath . . . yet run 
smoothly, quietly, with minimum 
wear. 

Weatherproof and steam tight, 
Chapman’s floorstand units are 
shipped completely wired, ready 
to connect to your power leads, 
for easy, rapid installation. This 
modern motor unit is depend- 
able and economical. Send for 
new catalog No. 51. 


The CHAPMAN Valve 


Manufacturing Company 
INDIAN ORCHARD, MASSACHUSETTS 
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CORROSION-RESISTANT GATES: 


FABRICATED OF EVERDUR, THEY WEIGH LESS 


Sewage control gates of Everdur* 
Copper-Silicon Alloys combine corro- 
sion resistance with light structural 
weight for easier operation. 

Available in all the usual wrought 
structural forms such as sheet, plate, 
angles, channels, rods, tubes and elec- 
trical conduit, Everdur is easy to fabri- 
cate to any design and specification 
by conventional welding and machin- 
ing techniques. According to the par- 
ticular Everdur Alloy, it may also be 
worked hot or cold, forged or cast. 

Everdur structural equipment, in 
addition to lighter weight, possesses 
strength characteristic of these tough, 
corrosion-resistant alloys. These prop- 
erties suggest the suitability of Everdur 
for gate guides, bolts, valve and gate 


stems, weirs, float chambers, troughs 
and manhole steps. You'll find detailed 
data in “Everdur for Sewage Treat- 
ment and Waterworks Equipment.” 
We should like to send you a copy and 
to offer our Technical Department's 
services in selecting the best material 
for your equipment. Write to The 
American Brass Company, Waterbury 
20, Connecticut. In Canada: Anaconda 
American Brass Ltd., New Toronto, 


Ontario. 
*Reg. U.S. Pat. Off. 


EVERDUR 
ANACONDA 


COPPER-SILICON ALLOYS 


STRONG * WELDABLE * WORKABLE 
CORROSION-RESISTANT 
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At Arlington County, Virginia... 


capacity increased—operations simplified 


WITH P.F.T. FLOATING COVERS 


In 1953, fast growing Arlington County 
expanded its capacity in a practical 
way by: 
(1) converting its two 50’ tanks to 
secondary digestors 
(2) adding two 65’ tanks for primary 
digestion 
(3) equipping all four with P.F.T. 
Floating Covers 


The result: P.F.T. ‘‘Controlled Diges- 
tion’’ and a new capacity of 20,000,000 
gallons per day—4 times the capacity 
of its former design! 


Now, in addition to increased capacity, 
plant procedures are simplified because 
additions and withdrawals of sludge 
and digestor liquor can be made inde- 
pendently, at the operator’s convenience. 
Floating Covers simply rise or lower 
with additions and withdrawals— no 
fixed level need be maintained. 


P.F.T. Floating Covers reduce costly 
breakdowns and repairs by eliminat- 
ing all moving parts inside the digestor. 


NEW YORK @ LOS ANGELES @ SAN FRANCISCO 


With its new equipment, Arlington 
soon found its gas production exceed- 
ing all requirements. This excess gas 
is safely handled by P.F.T. gas control 
equipment, including four 3” waste gas 
burners mounted on a separate struc- 
ture as shown in the illustration above. 


As an added feature of this ‘“Con- 
trolled Digestion’’, each tank contains 
a P.F.T. Supernatant Liquor Selector 
for automatic, continuous withdrawal 
of the best digestor liquor available. 
Complete information on request— 
write for bulletin 332. 


of plant by | New York, New York 


Design / Alexander Potter Associates, 


waste treatment equipment 
exclusively since 1893 


PACIFIC FLUSH TANK CO. 


4241 Ravenswood Avenue 
Chicago 13, Illinois 


CHARLOTTE,N.C @ JACKSONVILLE @ DENVER 
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Figures Tell the Story 
about the Low 
Maintenance Costs with 


DORR CLARIFIERS 


...and the Baltimore Sewage Treatment 
Plant is a typical Case in Point... 


16 years ago the Baltimore Department of Public Works installed its first two 
center-drive Dorr Clarifiers. Since then, 4 additional units have been added. 
The figures below tell the actual repair costs story. They are not “exceptions to 
the rule” but are typical of the low maintenance costs of Dorr Clarifiers re- 
ported by city after city. 

Maintenance costs are one of the primary factors upon which Clarifier excel- 
lence should be judged. Are you getting the best? 

We'd like to tell you how Dorr Clarifiers stack up on performance too. Ask a 
Dorr Engineer for the facts. 


Here are the Repair Cost Facts 


Number Repair Parts Cost* Repairs as % of 
f T 


Clarifier ay Per | Per Unit Original Original Cost 
arifiers eration | i igi i 
Cale et Total | Unit Per Year Cost Per Year 


| 

170 ft. Diameter | $241.40 | $120.70 | $7.55 1.08 0.068 
170 ft. Diameter no repair costs to date 

126 ft. Diameter | 168.20 84.10 | 6.01 0.95 0.068 


170 ft. Diameter } no repair costs to date 
“includes modest unsegregated labor costs 


Ye 


(AY “Baten tools TODAY te mast tomorrow domand 


904-\9° 


WORLD-WIDE RESEARCH + ENGINEERING + EQUIPMENT 
THE DORR COMPANY + ENGINEERS + STAMFORD, CONN. 
ac 


Offices, A or in principal cities of the world 
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BASIC FACTORS OF OXYGEN TRANSFER IN 
AERATION SYSTEMS * 


By Artuur T. Ippen CHarues E. Carver, Jr. 


Hydrodynamics Laboratory, Massachusetts Institute of Technology, 
Cambridge, Mass. 


Previous Investigations 


mathematical analysis of the 
mechanism of diffusion of a gas bubble 
at rest in a liquid-gas solution with a 
uniform concentration of dissolved gas 
has been presented by Epstein and 
Plesset (2). These investigators have 
shown, for instance, that 208 min. are 
required for a bubble of 1-mm. di- 
ameter to be completely absorbed when 
stationary. 

In a report by Pekeris (3) on the 
other hand, it is shown that even minute 
velocities of the order of 0.01 em. per 
sec. greatly increase the diffusion rate 
of a moving bubble over that of a sta- 
tionary bubble, and that the radius de- 
creases uniformly with time. However, 
since a bubble rising freely in a column 
of water is in contact with the liquid 
for a few seconds only under practical 
conditions of aeration, this decrease is 
usually negligible. 

Experiments by Adeney and Becker 
(4), Ledig and Weaver (5), Scouller 
and Watson (6), Redding (7), and 
Zdonik (8) have brought to light some 
salient facts relevant to the mechanism 
of absorption. Adeney and Becker ob- 
served a linear increase in the absorp- 
tion coefficient with temperature owing 
to the lower viscosity of the water, and 
found that a greater volume of gas 
was absorbed by distilled water than 
by sea water at the same flow rate. 
Scouller and Watson investigated the 

* Presented at 26th Annual Meeting, Fed- 


eration of Sewage and Industrial Wastes 
Assns.; Miami, Fla.; Oct. 13-16, 1953. 


absorption of oxygen from air bubbles 
2.4 mm. in diameter, and found that 
the amount of oxygen absorbed by 
means of bubble aeration was three 
times that absorbed through an unagi- 
tated free surface. Redding and 
Zdonik concluded from their investiga- 
tions that oxygen, nitrogen, and carbon 
dioxide are less soluble in sea water 
than in distilled water, that the liquid- 
film coefficient (here termed the absorp- 
tion coefficient) increases with increas- 
ing bubble diameter, increases with de- 
crease in viscosity of the absorbing 
medium, and is approximately the same 
for the three gases investigated. Since 
carbon dioxide is considerably more 
soluble than either nitrogen or oxygen. 
the fact that the liquid-film coefficient 
was found to be very nearly the same 
for the three gases proves the control- 
ling influence of the liquid film in dif- 
fusion. 

Many investigations on the drag, 
shape, and terminal velocity of bub- 
bles rising freely in water may be 
found in the literature. A recent in- 
vestigation by Rosenberg (9) has 
shown that bubbles rising through a 
fluid behave like solid spheres at 
Reynolds numbers less than 70, but 
deviate from solid spheres in shape. 
drag, and terminal velocity as the Rey- 
nolds number increases (see also Fig- 
ure 3). 


Theoretical Relations 


The equation which expresses the 
amount of oxygen absorbed by bubble 
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diffusion may be written as 


t 
-f K A (C; — Cz) dt... (1) 
0 
in which 


O = oxygen absorbed, in pounds; 

A = total interfacial contact area of 
bubbles, in square feet; 
equilibrium concentration of oxy- 
gen at the gas-liquid interface, in 
p.p.m. ; 
concentration of oxygen in the 
liquid at any time f¢, in p.p.m.; 
and 
over-all coefficient of oxygen ab- 
sorption, based on liquid film re- 
sistance, in pounds of oxygen per 
hour per square foot per unit con- 
centration difference (p.p.m.). 


The amount of oxygen absorbed, in 
pounds, may also be expressed as 


0 = 


W 


W = weight of water in aeration col- 
umn, in pounds; 

(, = concentration of oxygen in liquid 
at the end of time ¢, in p.p.m.; 
and 

(‘5 = initial concentration of oxygen in 
liquid, in p.p.m. 


108 | 


in which 


Eqs. 1 and 2, therefore, give 
(3) 


Setting the limits C = Cy when t = 0 
and C = C,; whent = tand integrating, 
vields 

(C; — Co) 10° KAt 
~ 23w 
The equilibrium concentration, (,, is 
calculated from the relationship 


c 0.21 Pq’ ( Be p/P 
760 \1 — p,/760 


for air bubbles. 


Pq’ (1 = 
760 \1 — p,/760 


for oxygen bubbles. . (5b) 


logie 


(5a) 
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in which 


P = total pressure at midpoint of col- 
umn, equal to barometric pressure 
in mm. Hg + 3 column height in 
mm. Hg; 
aqueous vapor pressure, in mm. 
Hg, at the test temperature ; 

= solubility of oxygen at the given 
temperature (11), expressed in 
p.p.m., where the partial pressure 
of the gas plus aqueous tension is 
760 mm. Hg. 


The similarity between Eq. 3 and 
those describing the flow of heat or elec- 
tricity is quite apparent. The driving 
force (C; — C,) is comparable to a tem- 
perature or potential difference, whereas 
the coefficient AK may be looked upon 
as the reciprocal of a resistance and 
hence a conductance. 

In stating Eq. 3, the following as- 
sumptions were made: 


1. The gas follows the Perfect Gas 
Law. 

2. The bubbles are spherical. 

3. Isothermal conditions prevail. 

4. The excess bubble pressure due to 
the surface tension is negligible. 

5. There is no appreciable change in 
the surface contact area of the bubbles. 

6. C; remains constant during the 
bubble ascent. 


The extent to which these assump- 
tions hold is discussed later. 


Equipment and Experimental 
Procedure 


A schematie representation of the 
test equipment is given in Figure 1. 
Air from a laboratory compressor or 
oxygen from a cylinder entering the 
system is reduced in pressure by means 
of a reducing valve to about 20 p.s.i. 
gage. It then passes through a filter 
to remove dust or other impurities and 
is washed in a humidifying tank. The 
tank serves the double purpose of fur- 
ther cleaning the air and saturating 
it with water vapor to prevent that 
component from diffusing into the 
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WATER DEAERATION TANK 


| * ©) waTer 
DIFFUSER NOZZLE pump 


NITROGEN 


SUPPLY 


FIGURE 1.—Schematic diagram of test apparatus for the determination of 
oxygen absorption. 


bubble upon release in the aeration 
column. The gas flow is accurately 
metered by means of a rotameter, to 
which an open U-tube mereury mano- 
meter is attached. It is then admitted 
to the column through a specially con- 
structed diffuser nozzle. The nozzle 
consists of 19 glass capillary tubes cut 
in 1-in. lengths from marine barometer 
tubing. These tubes are imbedded in a 
14-in. thick rubber dise having 19 uni- 
formly spaced holes to provide a uni- 
form bubble dispersion in the column. 
The dise is then sandwiched between 
two aluminum plates and screwed to 
a circular housing, which is fastened 
to the air inlet of the column. The 
column itself was made of lucite, hav- 
ing an inside diameter of 5.5 in. and 
a wall thickness of 0.25 in. It was 
composed of several sections, each 52 
in. in length and flanged at both ends 
so that various depths could be ob- 
tained by bolting them together. 

To provide an initially low concen- 
tration of dissolved oxygen prior to the 
commencement of a test, water was cir- 
culated through a_ vacuum tank 
equipped with a spray nozzle (Figure 


1). This partially deaerated water was 
then pumped into the aeration column, 
where the D.O. content was further 
reduced by ‘“‘stripping’’ by means of 
nitrogen bubbles introduced into the 
column through a three-way valve and 
the diffuser. When the D.O. content 
was reduced in this manner to about 
0.2 p.p.m., the test was started with 
the admittance of air or oxygen to the 
column. The test was terminated as 
soon as the column became saturated 
with dissolved oxygen. 

Frequent D.O. determinations were 
made during a run by extracting water 
samples from the column and analyzing 
them by means of the Winkler test. 
This method was used throughout for 
pure oxygen bubbles. In the case of 
air bubbles, the dissolved oxygen con- 
tent was determined both by Winkler 
analysis and by means of a mercury 
dropping electrode and graphic record- 
ing device (1). The mercury dropping 
electrode was limited to D.O. values 
less than 20 p.p.m. and to relatively 
low gas flow rates; the latter limitation 
was due to the fact that the turbulence 
generated by the bubbles at the higher 
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air flow rates interfered with the forma- 
tion of mercury drops at the electrode. 
Bubble sizes were obtained photo- 
graphically by means of the set-up 
shown in Figure 1. A specially con- 
structed camera having a short focal 
length was focused on an individual 
capillary and the exposure made by a 
high-intensity flash of about 60 micro- 
seconds duration through the use of an 
Edgerton Strobolume located on the 
side opposite the camera. The motion 
of bubbles emerging from the capillary 
was effectively stopped by this method. 
The resulting negative was then en- 
larged to yield a magnification factor 
of about 25 to 1, and the size of the 
bubble was sealed from the photograph 
against the diameter of the glass eapil- 
lary asastandard. Terminal velocities 
were obtained by timing the ascent of 
the bubbles between two points marked 
off on the column. For the range of 
bubble sizes employed, the upward mo- 
tion was essentially rectilinear, al- 
though a slight helical motion was ob- 
served for the larger bubble sizes. 


Discussion of Results 


Basic Assumptions 


It is well here to comment upon the 
validity of the assumptions previously 
mentioned regarding the development 
of the diffusion equation. The assump- 
tion of essentially isothermal conditions 
is reasonable, since the temperature of 
the gas and of the surrounding liquid 
differed but slightly. Perfect gas be- 
havior may be taken as justified in 
view of the order of magnitude of the 
pressures and temperatures which pre- 
vailed. The excess pressure within a 
bubble due to surface tension was found 
to be negligible in comparison to the 
pressure normally existing within 
bubbles of this size, and was therefore 
neglected. For bubbles in the Stokes 
range and smaller, however, the surface 
tension pressure would be large and 
would have to be taken into account. 
Few bubbles emerging from a capillary 
were truly spherical, but were observed 
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to have the shape of oblate spheroids. 
In this case, the diameter of the bubble 
was caleulated as the diameter of an 
equivalent sphere having the same vol- 
ume as the bubble. Deviations from a 
spherical shape were not great, how- 
ever, for the bubble sizes employed. 

With regard to the instantaneous 
contact area of bubbles in the column, 
it is apparent that the assumption of a 
constant surface is questionable in two 
respects; the surface area increases due 
to expansion during the rise of the 
bubble to the water surface, while at 
the same time the absorption of oxygen 
will cause a decrease in surface area. 
The two effects are thus compensatory 
in character. However, their relative 
influence on the area change for the 
two gases investigated must be more 
clearly defined. In an attempt to ac- 
count for expansion, the mean of the 
volume rates of flow calculated in ae- 
cordance with the isothermal pressure- 
volume relationship for the pressure 
conditions at the top and bottom of the 
column was used to determine a mean 
bubble size. The effect of absorption 
on the bubble volume is variable with 
time, exerting the greatest influence at 
low initial D.O. concentrations and be- 
coming negligible as saturation is ap- 
proached. In addition, this influence 
is considerably more pronounced for 
oxygen than for air bubbles at low 
D.O. concentrations and in in- 
stances more than compensates for the 
increase due to expansion. 

The procedure for determining the 
mean surface contact area when oxygen 
bubbles were used was to evaluate the 
average percentage of oxygen trans- 
ferred from the time of commencement 
of a test to the time of saturation. The 
bubble size corrected for expansion was 
then adjusted to account for this aver- 
age oxygen The mean surface 
area was computed for the adjusted 
bubble size and used in the calculation 
for AK. The value of A thus computed 
represents an average for the entire 
period of aeration, and does not reflect 
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the influence of temporal variation in 
surface area. 

Where aeration was carried out with 
air, the bubble sizes were corrected for 
expansion as before, the resulting vol- 
ume then being adjusted for the maxi- 
mum rate of oxygen absorption exist- 
ing initially. This latter refinement 
was of little consequence in comparison 
with the expansion effect which was 
the predominant factor influencing the 
surface area. 

It remains to consider the effects of 
absorption and expansion on (;, which 
Was assumed to remain constant in the 
derivation of the diffusion equation. To 
account in part for the change in the 
equilibrium concentration due to ex- 
pansion, it was calculated for an aver- 
age pressure at the midpoint of the 
column in accordance with Eq. 5a and 
5b. For pure oxygen bubbles it is 
clear that the absorption of oxygen 
from the bubble will not alter the par- 
tial pressure of the gas and, hence, 
has no influence on C;. With air 
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bubbles, however, absorption will cause 
a continual lowering of the partial pres- 
sure of oxygen within the bubble. The 
effect on C, is again most pronounced 
at low initial concentrations and be- 
comes insignificant near saturation con- 
centrations. 

For the calculations of K with air 
bubbles, the equilibrium concentration 
(; was assumed unaffected by oxygen 
absorption, as a more rational and prac- 
tical procedure of correction could not 
readily be devised. It is realized that 
the calculation of the effect of absorp- 
tion on (, for air bubbles should ulti- 
mately be refined, and that the absorp- 
tion coefficient A for air as stated is 
valid only under the preceding assump- 
tion. 

Solution of Eq. 4 for K gives 


K 2.3W (C; — Co) 
10° At] (C; — C1) 
Figure 2 shows a typical oxygenation 
curve (curve A) obtained from an 
aeration experiment using oxygen bub- 
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FIGURE 2.—Typical aeration curve (curve A) using oxygen bubbles, with semi- 
logarithmic plot (curve B) of relative concentration. 
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bles. Shown also is a semi-logarithmic 
plot of relative concentration (curve 
B). The latter curve is obtained by 
caleulating the logarithmic term of Eq. 
4, the values of C,, for various values of 
t being taken from the oxygenation 
curve. The logarithmic term divided 
by ¢ is then equal to the slope of the 
curve B in Figure 2. Eq. 6 thus re- 
sults in 


k = 602.3 WX max. slope of curve B 
AX 10° 


(¢) 


A typical calculation to determine 
K is presented here for the experiment 
depicted in Figure 2. The pertinent 
data are: bubble size at the nozzle, 1.94 
mm.; mean bubble size at column. mid- 
point adjusted for absorption and ex- 
pansion, 2.00 mm.; gas flow rate at 
the nozzle, 214 ¢.¢, per min.; C; caleu- 
lated from Eq. 5b, 47.83 p.p.m.; column 
height, 96 in.; terminal velocity of 
bubbles, measured, 0.79 ft. per second. 
The calculations proceed as follows: 


Volume of bubble at nozzle = 


Number of bubbles per min. 


Mean surface area per bubble = 


Total surface area generated per minute 


col. height 


Contact time in column 


Instantaneous contact area = 


= 1,185 sq. em. = 


Weight of water in column = W 


Slope of curve B in Figure 2 = 0.022. 
Thus, from Eq. 7, 


60 X 2.3 XK 82.4 XK 0.022 
1.275 X 108 


= 
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_ gas flow at nozzle _ 
vol. per bubble at nozzle — 0.00382 


terminal vel. 0.79 


(total area ‘min.) (contact time) 
60 60 
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This value of K may be converted to 
units of centimeters per hour by mul- 
tiplying by the conversion factor (454/ 
930) x 10°, giving AK = 96 em. per 
hour, and is applicable to concentra- 
tions below about 15 p.p.m., as evi- 
deneced by the behavior of curve B in 
Figure 2. 


Terminal Velocity of Gas Bubbles 


Figure 3 shows a comparison between 
the terminal velocities as measured in 
this investigation with those obtained 
by Allen (10) and verified at the David 
Taylor Model Basin (9). The Allen 
curve was obtained for single bubbles 
rising freely through a column of wa- 
ter. In this study, however, the con- 
tinuous dispersion of a large number 
of bubbles produced a considerable de- 
vree of turbulence and induced down- 
ward currents, with the result that the 
terminal velocities are somewhat less 
than those indicated by the Allen- 
DTMB eurve. They are obviously de- 
pendent on the gas flow rate. It is im- 


(wr 6) (0.194)? = 0.00382 c. 
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= 56,000 per min. 
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portant to note the behavior of this 
curve for various ranges of bubble size 
as it relates to the absorption process. 
In the range 0.6 to 4.0 mm., for ex- 
ample, the terminal velocity actually 
decreases slightly with increasing bub- 
ble size. Hence, for a given gas flow 
rate, one would expect that the use of 
larger bubbles would result in lower 
oxygen absorption rates due to a re- 
duction in surface contact area. If the 
increase occurs in the range cited, how- 
ever, an increased retention time is ob- 
tained, owing to the decrease in termi- 
nal velocity, which operates to partially 
compensate for the reduction in ab- 
sorption rate. In contradistinction, 
bubbles in the range 0.1 to 0.6 mm., and 
greater than 4-mm. radius, exhibit in- 
creasing terminal velocities with in- 
creasing size, in which ease, for a given 
gas flow rate, the rate of absorption 
suffers not only from a loss in reten- 
tion time, but also from a reduction in 
contact area when larger bubbles are 
employed. 


Effect of Bubble Size on Oxygen Ab- 
sorption 


The effect of variation in bubble size 
on the maximum amount of oxygen ab- 
sorbed is shown in Figure 4 as a func- 
tion of column height. The percentage 
of oxygen absorbed is obtained by di- 
viding the pounds of oxygen absorbed 
per minute, based on the maximum con- 
centration gradient existing at low in- 
itial D.O. concentrations, by the pounds 
of oxygen per minute supplied to the 
system. The flow rate along an indi- 
vidual curve of a given bubble size was 
substantially constant, but varied for 
curves of different bubble sizes. Be- 
cause only one size capillary was used, 
it was not possible to vary the bubble 
size for a given gas flow rate and hence 
to obtain directly the effect of varying 
the bubble size on the absorption rate. 
Capillaries of smaller bore were sub- 
ject to severe clogging, whereas larger 
diameters yielded bubble sizes beyond 
the range of this investigation. 
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In the following analysis, let Q be 
the volume rate of flow of air in cubic 
feet per minute, y the specific weight 
of oxygen in pounds per cubic foot, and 
d the bubble diameter in feet, each of 
these quantities being calculated for 
conditions at the column midpoint. The 
percentage of oxygen absorbed of the 
oxygen supplied for a given concentra- 
tion gradient can be expressed from 
Eq. 3 by multiplying both sides by 10° 
W 0.21 yQ to yield 


oxygen absorbed 
_ KA(C, — C1) 
0.21 ¥Q 


The total surface contact area A 
(square feet) of the bubbles in the 
column at any instant may be given in 
terms of Q, d, h, and v, wherein h is the 
column height in feet and vw is the 
terminal velocity of the bubble in feet 
per second, which may be assumed 
constant with respect to h for the pur- 
pose of this discussion : 


100. . (8) 


Substituting Eq. 9 in Eq. 8 gives 


oxygen absorbed 
K(Ci — 


~ 10 X 0.21 yed 100. . (10) 


Eq. 10 also applies for oxygen bubbles 
if the factor 0.21 is omitted. It is seen 
that the flow rate does not enter into 
this equation. It should be remarked 
in accordance with findings in this 
work that A depends to some extent on 
h (see Figure 5) and on d (7), and 
that v will change with the number of 
bubbles per unit volume and with d 
for a given liquid. For bubble di- 
ameters from 1 to 10 mm., the velocity 
of rise, v, does not vary greatly with d. 
The desirability of decreasing the 
bubble diameter to approach the Stokes 
range is strongly suggested by Eq. 10, 
wherein v becomes ultimately propor- 
tional to d*? and therefore the percent- 
age of oxygen absorbed increases in- 
versely with d*. There exists, obvi- 
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FIGURE 3.—Variation in terminal velocity with bubble radius for air and oxygen bubbles. 


ously, a limiting depth h for any given 
bubble size within which full absorp- 
tion takes place. The equation as given, 
however, would have to be modified 
with respect to the assumptions made 
on v, d, C; and K before it becomes 
applicable to extreme conditions of al- 
most complete oxygen absorption. Eq. 
10 may also be adapted to bubble mix- 


tures; however, further discussion is 
deemed outside the scope of the present 
paper. 

In essential agreement with the pre- 
ceding analysis, Figure 4 shows an 
increase in percentage of oxygen ab- 
sorbed with decrease in bubble size for 
both air and oxygen bubbles for a 
given column height. For a given bub- 
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FIGURE 4.—Effect of bubble size on oxygen absorption for various column heights. 
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ble size the percentage of absorption 
increases essentially linearly with col- 
umn height. This behavior is clearly 
connected with increased retention 
time. Although the various bubble 
sizes were in the range where an in- 
crease in size results in a slight de- 
crease in terminal velocity the effect 
of the resulting increase in retention 
time is overshadowed by the effect of 
reduction in surface area on the per- 
centage of absorption for a given flow 
rate when larger bubbles are employed. 

Although Figure 4 indicates a 
higher percentage of absorption of oxy- 
gen from air bubbles as compared to 
pure oxygen bubbles, it must be re- 
membered, that for a desired total oxy- 
gen transfer, the rate of flow of air 
would have to be increased over the 
flow of oxygen by a factor of 1/0.21. 


Variation in K with Column Height 


The analogy between the oxygen 
transfer equation and those describing 
the flow of heat or electricity has been 
previously indicated. In the latter two 
instances, K would correspond to a co- 
efficient of conductance, which is a 
property of the material through which 
transfer takes place. In the case of 
oxygen transfer, a similar interpreta- 
tion may be made; however, in this in- 
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stance A becomes not a property of the 
gas-liquid media as such, but depends 
on the concentration gradients estab- 
lished in the liquid layer adjacent to 
the interface. In bubble aeration, for 
example, the magnitude of KA repre- 
sents the ability of oxygen to penetrate 
through the partially saturated liquid 
film surrounding the bubble, the char- 
acteristics of this film being a function 
of the rate of rise of the bubble. 

In a similar manner, for the diffusion 
of oxygen from the atmosphere through 
a quiescent free surface, the value of 
K expresses the capacity to overcome 
the resistance offered by a thin layer 
of oxygen-saturated water at the sur- 
face. Indeed, the disruption of this 
layer such as is accomplished in me- 
chanical aeration processes, will con- 
siderably increase the magnitude of K 
and, consequently, the net transfer of 
oxygen. 

The variation in the liquid-film co- 
efficient, A, as calculated from Eq. 6, 
with column height is shown in Figure 
5 for both air and oxygen bubbles. 
These values are based on the maxi- 
mum slope of the semi-logarithmie plot 
of relative concentration (curve B in 
Figure 2 is an example) and apply in 
general only for concentrations in the 
approximate range of 0 to 6 p.p.m. for 
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air bubbles and 0 to 15 p.p.m. for oxy- 
ven bubbles. 

It is to be noted that the coefficient 
exhibits a definite downward trend 
with increasing column height for both 
This trend of K as measured 
may be rationalized by considering the 
transfer of oxygen to occur in three 
phases, starting with the origin of the 
bubble at the capillary and ending 
with the bursting of the bubble at the 
interface, the intermediate phase tak- 
ing place as the bubble rises through 
the column. The first and last phases 
are transient in nature, whereas the 
intermediate phase is characterized by 
a more or less steady state of transfer. 
It is convenient to discuss each of these 
modes of transfer individually in order 
to ascertain their effect on the behavior 
of K collectively. 

The transient 


wases. 


condition associated 


with the production of a bubble at the 
capillary is responsible for an unusu- 
ally high rate of oxygen absorption. 
The reason for this is that during the 


formation and growth of the bubble, 
the liquid-gas interface surrounding 
the bubble is continually expanding, 
the concentration gradients in the liq- 
uid film remain high, and hence the 
resistance to diffusion is less. When the 
bubble has reached its full size, con- 
centration gradients in the surround- 
ing liquid film attain lower, stable 
values and thus reduced transfer of 
oxygen results. 

The transfer after the bubble has 
achieved full growth remains more or 
constant during the rise of the 
bubble to the surface. This may be 
termed the intermediate steady-state 
phase. Deviations from steady-state 
conditions will occur with variations in 
the size and rate of rise of the bubble, 
as previously discussed, and with the 
attendant effects of shear and turbu- 
lence in the bubble wake upon the liq- 
uid film. 

In the final phase, the bubble bursts 
at the surface. The liquid layer sur- 
rounding the bubble and containing 
dissolved oxygen at relatively high con- 
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centrations remains as the gas escapes 
through the surface and is mixed with 
the main body of liquid. Furthermore, 
the disturbance of the interface by the 
bubble will tend to enhance the trans- 
fer of oxygen from the atmosphere. 
As a result of the downward currents 
produced by the rising bubbles, this 
relatively high oxygen-bearing water 
at the surface is carried downward into 
the liquid. For this reason, the dis- 
tribution of oxygen over the column 
height is nearly uniform. 

It is seen that the first and final 
phases of the existence of the bubble 
in the column are associated with 
higher transfer rates than occur in the 
steady-state phase, which remains es- 
sentially constant irrespective of col- 
umn height. For this reason, therefore, 
the magnitude of the coefficient A must 
be larger at low column heights and 
the effect of the three phases consid- 
ered collectively will be such as to de- 
crease AK with increasing column height. 

Figure 5 also shows that the absorp- 
tion coefficient for oxygen is less than 
for air at a given column height. In 
this connection, it should be pointed 
out that in the deaeration process using 
nitrogen, the liquid becomes saturated 
with this gas initially. Thus, when 
pure oxygen bubbles are used, the lack 
of a partial pressure due to nitrogen 
in the bubble causes nitrogen in the 
liquid to diffuse into the bubble. It is 
reasonable to conclude that this action 
constitutes a resistance to the diffusion 
of oxygen, resulting in a lower value 
of K for oxygen than for air at a given 
column height. Since the transfer of 
oxygen at the capillary has been shown 
to be large, one would similarly expect 
the diffusion of nitrogen into the oxy- 
gen bubble to be high in this region 
also, becoming of less significance as 
the column height increases. Based on 
this reasoning, the coefficients for oxy- 
gen and air bubbles should approach 
each other at the higher column heights, 
as is indeed the case in Figure 5. It 
is well to point out, therefore, that the 
values of K for oxygen bubbles apply 
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FIGURE 6.—Maximum percentage of oxygen absorbed per foot of column height as a 
function of flow rate for various column heights with air and oxygen bubbles. 


only where the liquid is initially satu- 
rated with nitrogen. 


Effect of Gas Flow Rate 


The effect of the previously described 
trends of the absorption coefficient A 
is apparent also from Figure 6, which 
shows the maximum percentage of oxy- 
gen absorbed per foot of column height 
versus flow rate for air and oxygen for 
various column heights. The absorp- 
tion rate is based upon the maximum 
concentration gradient existing at low 
initial D.O. concentrations. Low col- 
umn heights and low flow rates are 
seen to vield the highest absorption per- 
centage. The drop in percentage of 
absorption with increasing flow rate 
is probably due to the fact that for the 
given bore of capillary used, larger 
bubbles at greater frequencies resulted 
for increased flow rates, thus giving 
a greater concentration of bubbles over 
the vertical with relatively restricted 


lateral dispersion. This action is re- 
sponsible for a so-called ‘‘chimney”’ 
effect, wherein the transfer of oxygen 
did not increase in proportion to the 
flow owing to the resulting increase in 
resistance to lateral diffusion. Passing 
the higher flow rates through more 
capillaries would probably not produce 
this effect as pronounced, and in addi- 
tion would provide a greater surface 
area for transfer due to smaller 
bubbles. 


Marimum Oxygen Concentrations as a 
Function of Depth 


Figure 7 gives the ratios of the theo- 
retical equilibrium concentrations €; 
and of the measured final concentra- 
tions C, in terms of the saturation con- 
centrations (,, as given by the Inter- 
national Critical Tables for the test 
temperatures. It should be noted that 
C, was calculated for the midpoint of 
the column, whereas (, applies to the 
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FIGURE 7.—Relations between C,, C;, C., and column height for air and oxygen bubbles. 


air-water interface. It is seen that the 
C, values also taken at the column mid- 
point remain generally lower, thus in- 
dicating a considerable loss of oxygen 
through the interface and the transport 
of surface water downward as a result 
of the currents engendered by the ris- 
ing gas bubbles. This continuous ver- 


tical mass exchange prevents the estab- 
lishment of equilibrium concentrations 
corresponding to Cj. 

It is further seen that the ratio 
(',/C, becomes larger with increasing 
column heights, closely paralleling the 


obvious increase in C;,/C,. For oxygen 


there is noted a somewhat steeper in- 
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FIGURE 8.—Gas flow requirements for maintaining a given initial concentration 
function of concentration gradient. 
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crease in C;/C,. This may be due to 
the supersaturated conditions prevail- 
ing and the corresponding higher losses 
through the interface, which remain 
essentially constant, and therefore ex- 
ert a smaller influence on ultimate 
average concentrations for higher col- 
umn heights than for lower ones. 


Gas Flow Requirements 


As a first attempt at a practical im- 
plementation of the test data, Figure 
8 was prepared, in which curves for 
several D.O. concentrations have been 
plotted as a function of gas flow rate 
per square foot of tank surface area, 
and of the concentration gradient. It 
is thus useful for obtaining approxi- 
mate air or oxygen requirements neces- 
sary to maintain a desired dissolved 
oxygen concentration in an aeration 
chamber subject to a given oxygen 
demand. It is realized that in practice, 
the oxygen uptake in the activated 
sludge process is continually varying; 
however, Figure 8 does not lose its use- 
fulness if the variation in the conecen- 
tration gradient is known for a_ par- 
ticular installation. 

These curves apply only for a nozzle 
submerged 12 ft. for both air and 
oxygen, and for the corresponding 
value of K. Figure 8 is restricted to 
bubble sizes between 1.25 and 2.50 mm. 
dispersed essentially uniformly in the 
manner previously described. For air, 
a considerable variation is indicated in 
the concentration gradient, as well as in 
the air flow rate, for various D.O. con- 
centration levels. By contrast, for oxy- 
gen the concentration gradient was 
found to be independent of the concen- 
tration level up to about 12 p.p.m. 

To use the curves for air bubbles, the 
concentration gradient existing in a 
tank is evaluated, and the desired 
operating D.Q. level is selected. The 
required air flow rate per unit tank 
surface area is then found on the ordi- 
nate seale. 

The curve for oxygen gives the de- 
sired oxygen flow rate for a given con- 
centration gradient independent of the 


operating D.O. level. This means that 
the same oxygen flow rate will satisfy a 
given oxygen demand at any D.O. level 
up to 12 p.p.m. It is seen that for air, 
in order to obtain a higher (or lower) 
D.O. level for a given concentration 
gradient, it is necessary to permanently 
increase (or decrease) the air flow rate. 
By contrast, for the same conditions, 
the oxygen flow rate in aeration with 
oxygen needs to be adjusted only tem- 
porarily to achieve a desired D.O. level. 
Once this level is reached, the oxygen 
flow rate can be reduced or increased 
to the initial value. 

The curves in Figure 8 further per- 
mit certain additional conclusions with 
regard to aeration procedures. Each 
curve shows a decided break for a cer- 
tain concentration gradient for every 
D.O. level. While it is therefore rela- 
tively easy to either increase or de- 
crease the D.O. level with moderate ad- 
justments of air flow rate below these 
breaks, air requirements to raise the 
D.O. level above the break tend to be- 
come excessive. Hence, if high D.O. 
concentrations should be desired, or if 
the oxygen demand is quite high, it 
may become advisable to furnish ad- 
ditional oxygen by means of pure oxy- 
gen bubbles and to use air only to the 
extent of providing adequate mixing. 
The possibility of enriched mixtures of 
air and oxygen also exists. The curves 
thus delineate clearly the range of con- 
centration gradients which may be sat- 
isfied by aeration procedures. 


Conclusions 


1. For a given nozzle and a given 
depth the percentage of oxygen ab- 
sorbed by the liquid is higher for lower 
gas flow rates than for higher ones. 
The use of an increased number of dif- 
fusers to keep the flow per nozzle at a 
low value is therefore desirable for 
higher flow rates. 

2. The per cent absorption per foot 
of column for a given gas flow rate 
is higher for lower depths than for 
larger depths. 
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3. The total absorption for a given 
gas flow rate increases almost linearly 
with depth within the range employed 
in practice. 

4. The use of more diffusers for a 
given gas tlow rate results in the pro- 
duction of smaller bubbles, reduces the 
likelihood of coalescence, and allows 
better lateral diffusion through more 
uniform bubble dispersion. Each of 
these factors is favorable to increased 
absorption. 

5. For a given column height, ab- 
sorption increases with decreasing bub- 
ble size, and ultimately varies inversely 
with d° for bubbles in the Stokes range. 
The increased oxygen absorbed is due 
not only to the large surface contact 
area produced, but also to the increased 
time of retention for bubbles in this 
range. 

6. In a given aeration system, power 
for compression is necessary to over- 
come diffuser loss and hydrostatic pres- 
sure. Absorption efficiency of oxygen 
is increasing with decreasing depth 

from Conclusion 2), while the influ- 

ence of the diffuser loss becomes rela- 
tively greater. Over-all efficiency for 
present practice nevertheless increases 
with depth until diffuser losses can be 
materially reduced. 

7. The rate of transfer of oxygen de- 
pends greatly on the concentration 
level of D.O. in the liquid. A consid- 
erable increase in gas flow must be pro- 
vided for a given oxygen demand if 
higher concentration levels are to be 
maintained. 


This suggests the possi- 
bility of either using pure oxygen for 
the satisfaction of the demand together 
with a minimum air flow to provide 
adequate mixing, or of using an 
riched’’ mixture of air and oxygen. 

8. Absorption coefficients for oxygen 
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transfer as calculated for the given 
aeration system decreased with increas- 
ing column height. The rate of ab- 
sorption is a maximum at the point of 
bubble formation, and takes on lower, 
steady values during the rise of the 
bubble to the surface. The disturbance 
of the surface by the bursting bubbles 
is probably responsible for some aera- 
tion from the atmosphere. 

%. The concentration of dissolved 
oxygen over the depth is relatively 
uniform as a result of the mixing eur- 
rents engendered by the rising gas 
bubbles. 

10. Values of the observed terminal 
velocities for both air and oxygen 
bubbles were somewhat less than pub- 
lished values for single bubbles of the 
same diameter. The deviation is due 
to secondary downward currents in- 
duced by the bubbles in their upward 
travel. 
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By E. Dossins 


Associate Professor of Sanitary Engineering, New York University, 
College of Engineering, New York, N. Y. 


Although the basic principles of the 
transfer of gases of low solubility to 
liquids have been under development 
for a considerable period of time, it has 
not been possible to apply these prin- 
ciples to the rational design of aeration 
tanks because of the lack of data on the 
values of the over-all oxygen transfer 
coefficients under various conditions. 
This paper is an important contribu- 
tion toward the goal of rational design. 

For efficient aeration it is necessary 
to maintain a large area of gas-liquid 
interface per unit volume of tank, un- 
der conditions in which the coefficient 
of oxygen transfer, K, is also high. 
In mechanical aeration tanks the oxy- 
gen transfer takes place through the 
agitated surface area and the oxygen 
is carried into the body of the liquid 
by convection and turbulent diffusion. 
Although it is theoretically impossible 
to have this downward transfer take 
place without having a concentration 
gradient in the tank, the turbulent mix- 
ing is usually so great that very little 
gradient is required to provide for a 


rate of downward transfer equal to the 
rate of absorption at the surface. 
Hence, the oxygen concentration re- 
mains fairly uniform throughout the 
depth and approaches the concentra- 
tion, Cs, corresponding to the partial 
pressure of the oxygen in the atmos- 
phere. 

In diffused air tanks the total area 
through which oxygen transfer takes 
place is the sum of the areas of the 
agitated water surface and the sur- 
faces of the rising bubbles. The final 
concentration which is approached is 
higher than Cs because of the greater 
average pressure in the rising bubbles. 
The direction of the transfer of oxygen 
across the surface of the tank must 
change when the oxygen concentration 
in the liquid reaches (s. Whenever the 
concentration in the liquid is lower 
than Cs the oxygen transfer across the 
surface of the tank is into the liquid 
and is aiding the aeration process. On 
the other hand, after the concentration 
becomes greater than ('s the oxygen 
transfer across the tank surface is from 
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the liquid into the atmosphere. For 4 = surface area in square centi- 
this reason the final concentration can meters, 

never reach that corresponding to the Ay = bubble area in square centi- 
average bubble pressure, as is shown meters, 

in Figure 7. This fact may be demon- and V = volume of liquid in cubic 
strated mathematically as follows: centimeters. 


If Ks = coefficient of transfer across Iq. 3 can be modified to read: 
the tank surface in em. per 
hr., 
Kp = coefficient of transfer across 
the bubble area in em. per 


Eq. 11 can be integrated to: 


(C; = Co) KsAs (Cg Co) 0 194, KsAs 

">| Kp Ap (C; — C1) + Ks As (Cs — C1) | 

At the final equilibrium the net rate of — that 
oxygen transfer is zero, hence from Eq. 

11 it follows that: | 


KpAp —(';) (C's —(';), 7 0.434, Ks As 


If As and Ky are truly constant it 
would follow that Eq. 14 will plot as a 
straight line similar to curve B in Fig- 
ure 2. It does not follow, however, 
It can be seen from Eq. 13 that the that the authors’ Eq. 4 should plot as 
value of Cy; must fall between C; and a straight line. From Eq. 12 it may 
Cs. From Eqs. 12 and 13 it follows be shown that 


(14) 


from which 


Ax Ke + As KsCs 


+ As Ks 


(13) 


C; — Co KpApt+ Ks. 
loan | C; | = (2.434% — V 


KsAsg (Cg - KsAsg (Cg — Co) 
+ logy 1+ - 


in which from Eqs. 3 and 11 it is evident that 


KpaA KsAs 
M = — 0.434¢t = (C; — Cx) 


If Ks were zero, the value of the last Kp Ap C 0 

term in Eq. 15 would be zero and Eq. il 

15 would reduce to Eq. 14. For any KsAs _, : 
given value of As the value of the last “Vv (Cs — C1), 
term is zero at time, t = 0, and takes 

on negative values of increasing magni- from which it follows that: 


tude as tincreases. This could account Beha 


for the shape of curve B in Figure 2. A = Ke + 

The coefficient, K, as used in this 
paper, is an over-all coefficient, but is 
based on the bubble area alone. Then 


- (16 

Cs — C1 

Since the value of a gradually 
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decreases with time, it is evident that K 
must do the same. 

It is evident that the contribution of 
the oxygen transfer across the surface 
to the total aeration depends upon the 
relative magnitudes of KsAg and 
For shallow tanks it will be relatively 
large and it decreases with increasing 
depth of tank. Eq. 16 helps to explain 
the decrease in A with depth as shown 
in Figure 5, and Eq. 13 is in accordance 
with the trends shown in Figure 7. 

It cannot be assumed that the value 
of Kg for the surface area is the same 
as Kp, for the bubble surface, or even 
that Kg is constant for the entire sur- 
face area. The authors have concluded 
that the effective value of the coefficient 
for the surface area in their experi- 
ments is higher than for the bubbles 
because the liquid layer containing dis- 
solved oxygen at a relatively high con- 
centration is left behind by each es- 
caping bubble and also because the agi- 
tation of the surface enhances the 
transfer of oxygen from the atmos- 
phere. In these experiments the air 
bubbles were distributed over the en- 
tire horizontal area. However, in most 
air diffusion tanks the bubble column 
covers a relatively small portion of the 
floor area. It is to be expected then, 
that the effective value of Kg for that 
portion of the surface area through 
which the bubbles are escaping may be 
higher than A,, but that the value for 
the remainder of the surface area may 
be considerably lower. Evidence that 
this is the case was provided by ex- 
perimental work done in England by 
Holroyd and Parker.* In their ex- 
periments they worked with a constant 


* Holroyd, A., and Parker, H. B., ‘‘ Investi- 
gations on the Dynamies of Aeration.’’ Jour. 
Inst. Sew. Purif., Part 3, p. 292 (1949). 
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volume and height of water and with 
a small air diffuser which produced a 
bubble column covering about 11 per 
cent of the horizontal area of the con- 
tainer. They measured the over-all 
transfer coefficients obtained for the 
system with the diffuser set at different 
depths below the water surface. This 
over-all coefficient is simply the slope 
of the logarithmic curve (Eq. 14) mul- 
tiplied by 2.303. When they plotted 
the values obtained for the over-all 
coefficient against the depth of the dif- 
fuser below the surface, the points fell 
on a straight line which could be extra- 
polated back to a substantial value at 
zero depth of diffuser. Other experi- 
ments showed that the over-all co- 
efficients were diminished when por- 
tions of the surface area were covered 
with a layer of paraffin. The results 
implied that a considerable percentage 
of the oxygen transfer was taking place 
through the surface area. Holroyd and 
Parker caleulated the values of K for 
their particular set-up, as follows: 178 
em. per hr. for the bubble area, 264 em. 
per hr. for that portion of the surface 
area from which the bubbles were es- 
caping, and an average of only 24 em. 
per hr. for the rest of the surface area. 
Their caleulations indicated a value of 
Kx at the surface varying from a maxi- 
mum value centered over the bubble 
column to as low as 6 cm. per hr. at the 
periphery of the container. 

In conclusion, it would appear that 
the transfer of oxygen across the surface 
area of the tank is an important factor 
for diffused air aeration and that the 
values of Kp and Kg should be evalu- 
ated separately in basic studies of the 
process. It would be of considerable 
interest if the authors could compute 
the separate values from their data. 
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SERVICE CHARGES FOR INDUSTRIAL WASTES 
TREATMENT * 


3y RicHarp HAzEN 


Partner, Hazen and Sawyer, New York, N. Y. 


Treatment of a relatively large vol- 
ume of industrial waste or a particu- 
larly strong industrial waste in a 
municipal plant often makes equitable 
distribution of costs difficult. Sewage 
disposal has been associated with pub- 
lic health and general welfare for so 
long that in most communities it is 
still considered a public charge to be 
borne by the community as a whole. 
Special assessments and taxes have been 
levied on benefiting property owners 
for sewer extensions, but the cost of 
trunk sewers, interceptors, and sewage 
treatment plants has generally been 
charged to the entire area served. 

As long as sewage works were fi- 
nanced by general obligation bonds 
and operating costs were paid from 
general revenues of the municipalities, 
there was little reason to question the 
allocation of costs among the various 
users. The increased costs of all mu- 
nicipal services and the growing popu- 
larity of revenue bonds for financing 
new sewage works have focused atten- 
tion on service charges and other meth- 
ods of assessing waste disposal costs. 

In any community of heterogeneous 
residences, commercial establishments, 
and industries, the financing of sewage 
works entirely by ad valorem taxes on 
real estate cannot be equitable. The 
relation between the value of sewage 
service and the assessed valuation of 
the real estate is far from constant. 

At first thought, it would seem that 
charges based entirely on the quantity 


* Presented at 1953 Annual Meeting, West 
Virginia Sewage and Industrial Wastes Assn. ; 
Morgantown, W. Va.; Sept. 2~3, 1953. 


of sewage discharged into the system 
would be most equitable. However, 
if the full costs of sewage service are 
assessed entirely on the quantity of 
sewage, the property owners who do 
not use the sewer system or who use 
it only to a limited extent do not pay 
anything for the substantial indirect 
benefits they derive. Sewage works 
benefit all classes of property owners 
and inhabitants in the form of in- 
creased value of property, improved 
public health in the community ete. 
The same reasoning applies to an in- 
dustry in the community, even if it has 
no liquid waste, or if it provides its 
own waste treatment. Conversely, the 
industry with a strong liquid waste 
difficult to treat is subsidized by the 
community if the industrial waste is 
accepted as ordinary sewage without 
any surcharge. 

Recognition that the value of sewage 
service is not equal for all users and 
landowners and that the value of serv- 
ice is usually not proportional to the 
assessed valuation of the property has 
lead to various schemes in addition to 
ad valorem taxes for allocating sewage 
works costs. These include one or more 
of the following: 


1. Charges based on the number of 
plumbing fixtures. 

2. Assessments 
frontage. 

3. Service charges, usually a fune- 
tion of the water bill. (Frequently 
such charges are levied to cover op- 
erating expenses only, and the capital 
costs are paid from ad valorem taxes 
or from general revenues of the city. 


based on the lot 
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In many places a service charge of 
50 or 100 per cent of the water bill, 
for example, has been adopted as 
‘‘reasonable.’’ As much revenue as 
possible is raised in this manner, and 
any deficit is raised by general taxa- 
tion. ) 

4. Service charges based not only on 
the quantity, but also on the strength 
of waste. 


In general, the first three apply to 
domestic and commercial sewage serv- 
ice, and the fourth to the disposal of 
industrial wastes in the municipal 
sewer system. This discussion is di- 
rected primarily to the industrial 
waste aspects. 

In most communities the wastes from 
small industrial plants and commercial 
establishments (such as laundries, res- 
taurants, and car washers) are accepted 
into the sewer system without question 
or special charge. If a waste is exces- 
sively strong or perhaps harmful to the 
sewers or treatment process, the waste 
may be excluded from the sewer sys- 
tem by ordinance. Otherwise, it is 
ordinarily not worth while to distin- 
guish these users from domestic users. 
This is especially so in built-up, con- 
gested parts of a city or town, where 
the wastes have always been disposed 
of through the public sewers, and 
where there is no other practical solu- 
tion. Politically, it is difficult to levy 
special charges on small establishments 
because the public recognizes that these 
establishments carry a considerable tax 
burden in support of schools, hospitals, 
parks, ete., from which they derive no 
direct benefit. In one city, even 
though waste from small copper and 
brass mills necessitated raw sludge 
incineration in place of digestion, the 
laundry and small plant owners sue- 
cessfully opposed the establishment of 
a service charge based on water con- 
sumption for financing the operation of 
a new sewage treatment plant. The 
wastes from the large mills, which 
carry a large part of the general tax 
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burden, were not involved because 
these wastes do not discharge into the 
sewer system in any event. 

In another city, where one textile 
plant accounts for only a small part 
of the total flow but nearly two thirds 
of the chlorination costs, no special 
charge is assessed. The people in- 
volved recognize the inequities, but the 
importance of the industry to the com- 
munity, the taxes it pays, ete., are ac- 
cepted as justification for the present 
procedure. Many other similar in- 
stances could be cited. They are proof 
that this problem often cannot be 
solved by simple arithmetic alone. 

Most service charges paid by indus- 
tries are based first on the quantity of 
flow. This is determined from the wa- 
ter consumption or by metering the 
waste as it enters the public sewer 
system. Ordinances usually stipulate 
that a suitable water meter or waste 
meter be installed if city water is not 
used and that a meter may be installed 
to measure the actual quantity of waste 
if a substantial part of the water con- 
sumed in the plant does not reach the 
sewer. Some cities require continuous 
measurement of the waste flow. In 
others the flow is not spot-checked from 
time to time and an average value 
agreed upon. In at least one instance 
the average waste flow has been re- 
lated to the output of the plant, and 
the monthly statement of production 
is accepted. Weirs, orifices, or nozzles 
can be placed easily in new installations. 
It is more difficult in old installations, 
particularly where the available head 
is limited; therefore, approximate data 
sometimes must be accepted. At Char- 
lotte, N. C., where a new ordinance is 
being put into effect, the authorities 
hope to require a standard installation 
in order that a single portable auto- 
matic sampler and instrument can be 
shifted from one plant to another. 

The second factor to be considered 
in fixing industrial waste charges is, 
of course, the strength of the sewage 
and the relative cost of treating it. If 
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a surcharge is applied to industrial 
wastes, it is usually based on the dif- 
ference in the strength of the indus- 
trial waste and the average sewage for 
the community. Various standards 
have been adopted, but in general they 
include consideration of suspended sol- 
ids, B.O.D., and chlorine demand. The 
suspended solids load is important in 
allocating the cost of primary treat- 
ment and sludge disposal. The B.O.D. 
is usually important only if secondary 
treatment is provided; in this case, 
the B.O.D. load is reflected in plant 
investment, operating costs, or both. 
The chlorine demand of the waste in- 
fluences not only the capacity of equip- 
ment to be installed, but even 
more directly, the cost of chlorine to 
be applied, and is important wherever 
disinfection is included. In a rather 
unusual situation, the engineers for the 
Middlesex County, (N. J.) 
Authority proposed charging a_sub- 
stantial part of the trunk sewer costs 


also, 
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to B.O.D. loading. This was done be- 
cause the high B.O.D. of the wastes in 
conjunction with the small flows of the 
Raritan River indicated the need for 
a large primary plant on Newark Bay 
instead of smaller complete treatment 
plants upstream. Delays, both techni- 
cal and political, have necessitated some 
changes in the original plan. 

One objection to special charges for 
industrial wastes of varying strengths 
is the difficulty of regularly obtaining 
accurate samples and analyses. Few 
municipal departments have either the 
personnel or the funds to do the work 
frequently. In many places represen- 
tative samples were taken some years 
and contracts fixed accordingly. 
In others, grab samples are taken from 
time to time. Practice varies so widely 
that no worth-while summary is pos- 
sible. However, illustrative examples 
are noted in Table I. 

Regular sampling is desirable, but 
occasional spot sampling is not to be 


azo 


TABLE I.—Examples of Municipal Sampling Procedures for Determining 


— Service Charges 


| Characteristies Considered | 


Other | 
| 
| 


Location! Sampling Frequency Comments 


Ss [Row 


| 

na ‘ali | 
| | 


Monthly, with ‘extra at start of 
(canning) season. 


Heavy chlorination —re- 
quired pending repair of 
outfall 


Belleville, Il | Grab samples to check surveys; 
surveys consist of 7-day, 24-hr. 
composites | 

| Contracts established at start of 

am on basis of two 14-day 


Buffalo, N.Y x Insufficient personnel for 


regular checkup. 


Charlotte, N. ( )very 3 months; automatic sam- 
| pler in standard installation.‘ 

Industries classified by ordinance 

| in B.O.D. grades; exact B.O.D. 

| unimportant 

| Weekly Industries required to chlo- 

rinate strong wastes. 


Kt Dodge 


Towa 


Fullerton, Calif 


| Tot. 
and pI 


Lansing, Mich.? Grab samples weekly or bi-weekly. | Charge not yet established 


New Brunswick Ordinance specifies semiannually, 
or quarterly if necessary. 

Phoenix, Ariz.? 4 | Monthly, composite. 

Winchester, Va For 4 yr., quarterly composite 

samples; now, spot checks on 

several days each quarter. 


1 All use water consumption for estimating waste flows. 
2 Waste meters also used in some instances. 

§ Flow gaged monthly. 

* Some wastes estimated, one related to production. 

5 Proposed. 

® No charge unless flow exceeds 72,000 g.p.d. 

7 Flow gaged continuously. 
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condemned in all instances. Some in- 
dustrial wastes are remarkably uni- 
form, and variations from the normal 
may have no great significance. The 
important thing to keep in mind, how- 
ever, is that where samples are taken 
at long intervals and necessarily yield 
only approximate data, there is no 
sense in setting up complex mathemati- 
cal formulas accounting for relatively 
minor factors. Most schedules have 
been realistie in this respect. 

Probably the most thorough and logi- 
cal approach to the problem to date is 
presented in a report (1) prepared by 
a Joint Committee of the A.S.C.E. and 
the Section of Municipal Law of the 
American Bar Assn. The full report 
must be read earefully for apprecia- 
tion of the reasoning and of the caleu- 
lations involved. Schroepfer (2) has 
applied the Joint Committee’s recom- 
mendations to an illustrative example. 

The recommendations of the Joint 
Committee are based on the following 
statement of the fundamental prin- 
ciple: 


“The needed total annual revenue of a 
water or sewage works shall be con- 
tributed by users and non-users (or by 
users and properties) for whose use, need, 
and benefit the facilities of the works are 
provided approximately in proportion to 
the cost of providing the use and the 
benefits of the works.” 


In applying this principle the capi- 
tal costs are allocated between prop- 
erty and users in proportion to the 
relative shares of the capacity provided 
for each. The operating and mainte- 
nance costs are similarly allocated be- 
tween property and users in proportion 
to their shares of these costs. Thus, 
in a combined sewer system with an 
interceptor and sewage treatment 
plant. a large part of the interceptor 
cost would be charged to property (for 
storm water, infiltration, public use, 
and reserve for future use); the bal- 
ance would be charged to domestic and 
industrial users. Most of the treat- 
ment plant costs would be charged to 
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the users, but property would carry a 
proportionate share of the cost of ea- 
pacity made necessary because of storm 
flows, infiltration, allowance for future 
use, etc. Finally, the cost to the users 
would be allocated among the users in 
proportion to the volume of waste, the 
suspended solids, and the B.O.D. (or 
chlorine demand, in some cases). 

The Joint Committee procedure is 
logical, but not simple to apply. Con- 
siderable judgment is needed to dis- 
tribute the costs fairly. It is recog- 
nized that adjustments cannot be made 
for minor differences in sewage 
strength, nor can the relative weights 
assigned to property and users be ad- 
justed often or whenever there is a 
change in conditions. Usually it will 
not pay to set up special charges for 
industries whose wastes do not contain 
at least 50 per cent more suspended 
solids or B.O.D. than average sewage. 

It is easier to allocate operating costs 
than fixed charges. The increased 
quantity of sludge contributed by an 
industry, the increased air require- 
ments, or the chlorine required for dis- 
infection can be determined reasonably 
well. The allocation of fixed charges is 
more difficult because fixed charges 
necessarily are applied over a long 
period of years, and the industrial 
waste load may change rapidly. At 
Topeka, Kans., a meat packing plant 
contributed more than one-half of the 
B.O.D. load to an activated sludge 
plant. The meat packing plant moved 
away, and the B.O.D. dropped acecord- 
ingly. However, the capacity of the 
sewage treatment works was limited 
principally by the final tanks, and 
even with the packinghouse waste 
eliminated the sewage treatment works 
could handle no more sewage than 
previously. Situations like this pose 
nice problems in cost allocation. 

Not many communities are likely to 
carry out the Joint Committee’s pro- 
cedure in all detail. In some states 
changes in municipal finance laws 
would be needed. However, the basie 
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principles as outlined by the Joint 
Committee provide an excellent start- 
ing point, and the procedure can be 
simplified to suit particular situations. 
It is better to accept approximations 
of a rational method than to follow an 
arbitrary but simple procedure that is 
obviously unfair. 

Some of the difficulties in arriving 
at equitable arrangements between 
municipalities and industries are due 
to differences in the service provided 
and in the attitude of the people in- 
volved. Included are the following: 


1. Municipal sewage works normally 
provide a relatively small amount of 
service to many people. There may be 
substantial inequities in cost alloca- 
tion, but even if one person pays more 
than he should, his total cost for sew- 
age service is such a small part of his 
normal budget that the discrepancy 
Normal vari- 
ations in other public services (such 
maintenance, bus 
are likely to be much more 
important. In contrast, an industrial 
waste may for a substantial 
part of the total load in the municipal 
sewage treatment plant and for much 
of the revenue; discrepancies here are 
relatively much more important. 

2. Even in fast-growing communi- 
ties, the future sewage disposal needs 
can be estimated within reasonable 
limits for a good many years into the 
future. Industrial waste treatment re- 
quirements may double overnight or 
may vanish entirely if the product is 
changed or if the industry moves away. 
The uncertainty of future industrial 


does not cause concern. 


as. street school 


routes, ete. ) 


account 


needs makes it almost imperative that 
the municipality insist upon either a 
substantial initial contribution towards 


capital costs by the industry or a 
guaranteed minimum revenue for a pe- 
riod of years. 

3. The financing of municipal sew- 
age works usually involves the sale of 
bonds, frequently preceded by a popu- 
lar referendum. It is obviously not 
practical to come back to the people 
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every few years with a request for 
funds to build additions to treatment 
facilities. Therefore, the people who 
are charged with the planning of such 
works necessarily provide excess ca- 
pacity to take care of anticipated loads. 
Industries do not have to do this. In- 
dustries can build treatment plants 
adequate for their present needs with 
the expectation that the facilities can 
be expanded when, as, and if the mill 
is enlarged. Presumably the increased 
revenues from greater production will 
pay for the waste treatment when it is 
needed. 

4. Most industrialists feel that mu- 
nicipal sewage treatment plants cost 
more than they should and that money 
has been wasted to make them ‘‘show 
places.’’ Some of this eriticism is 
justified. However, there are two 
points that should be brought out. 
The first is the tendency of industrial- 
ists to over-simplify what they will 
have to do in the way of treatment and 
to underestimate their over-all costs. 
Industries do save some money by 
using wood or steel tanks and equip- 
ment less durable than a municipality 
would demand to assure good service at 
least for the life of the bonds, say 25 
or 30 years. Industries are able to 
gamble on possible equipment failures, 
overloading of plants, ete., and stand- 
by capacity is rarely provided, but the 
costs of the basic structures and equip- 
ment are substantially the same 
whether built for industries or mu- 
nicipalities. Industrialists frequently 
think in terms of out-of-pocket expense 
for labor and materials, with no 
charges for engineering, overhead, con- 
tractor’s profit, ete. 

In the second place, experience has 
shown that a reasonably attractive 
municipal treatment plant with a few 
labor-saving conveniences pays off in 
the long run in getting competent per- 
sonnel and good operation. There is 
no reason for elaborate ornamentation, 
excessive instrumentation, or com- 
pletely automatie control, but good 
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working conditions and equipment 
should be provided. 


As a general rule, industrial wastes 
that are not unusually strong, toxic, 
or corrosive can be disposed of at less 
cost through a municipal plant than 
by means of a separate industrial 
waste plant. Frequently, dilution with 
normal domestic sewage makes an in- 
dustrial waste much easier to treat. 
Occasionally, wastes from two or more 
plants tend to neutralize each other. 
Combining the wastes in a single treat- 
ment plant is likely to save money for 
all concerned. It is also safe to say 
that, in general, municipal operations 
will yield more regular and better re- 
sults. One cannot escape the fact that 
industrial waste treatment is a neces- 
sary evil and nuisance to industrialists, 
and it tends to become the orphan boy. 
Sewage and waste treatment is usually 


PROGRESS REPORT ON 


Under a grant from the National Insti- 
tutes of Health, A. T. Ippen and C. E. 
Carver, Jr., of Massachusetts Institute of 
Technology, are carrying out fundamental 
research on methods of air dispersion. Be- 
gun in October 1948, the study is aimed at 
securing greater efficiency in solution of 
oxygen from air supplied in the activated 
sludge process. 

The initial phase of the program in- 
volved development of instrumentation for 
continuous dissolved oxygen measurement. 
In the second phase, a series of controlled 
experiments was run using both air and 
oxygen in bubble sizes ranging from 1.25 
to 2.50 mm. in diameter in water contain- 
ing various oxygen concentrations. Results 
of this phase have been reported elsewhere 
in THis JOURNAL (see page $13). 
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the fulltime job of one or many per- 
sons in a municipal system. 

The problem of cost allocation in 
each case requires careful study, but 
an equitable solution is nearly always 
possible. Therefore, except where the 
industrial wastes are unusually severe 
in strength or volume, or where the 
industrial plants are a long distance 
from the public sewer system, the bene- 
fits of joint treatment should be ex- 
plored thoroughly. 


References 


1. Joint Comm. Report, ‘‘ Fundamental Con- 
siderations in Rates and Rate Strue- 
tures for Water and Sewage Works.’’ 
Reprinted from Ohio State Law Jour. 
(1951). 

2. Schroepfer, G. J., ‘‘Determination of Fair 
Sewage Service Charges for Industrial 
Wastes.’’ THis JouRNAL, 23, 12, 1493 
(Dee., 1951). 


AIR DISPERSION STUDY 


The third phase concerned extension of 
the bubble sizes to even smaller than previ- 
ously employed. With bubbles of 0.26- to 
1,.0-mm. diameter tests were run at a 140- 
in. depth of liquid, both with and without 
u synthetic detergent in various concentra- 
tions to determine the effect on the rate of 
oxygen absorption, Analysis of these lat- 
ter experiments is not yet completed, 

Further research is proposed to obtain 
quantitative data as to the degree of tur- 
bulent mixing available from passage of 
freely rising bubbles through liquid. 
Size-trequency distribution of sediment will 
be used to ascertain the magnitude of a 
mixing coefficient reflective of the turbu- 
lence engendered by the bubbles. 
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HYDRAULIC BEHAVIOR OF STORM-WATER 
INLETS 


III. Flow into Deflector Inlets 


By Wen-Hstune Li, Bertram 


(JOODELL, AND JOHN C. GEYER 


Assistant Professor of Civil Engineering, Research Associate, 


and Professor of Sanitary Engineering, respectively, 
The Johns Hopkins University, Baltimore, Md. 


Methods for calculating the capaci- 
ties of undepressed grate inlets and both 
undepressed and depressed curb inlets 
were presented, respectively, in the first 
and second articles of this series (1) (2). 
This third article deals with curb inlets 
in front of which diagonal slots are cast 
into the gutter. The ridges between 
the slots are called deflectors and thus 
the name “deflector inlet’? has been 
adopted to describe the whole arrange- 
ment. Figure 1 shows the type of de- 
flector inlet to which the analyses in 
this paper specifically apply. The de- 
flectors increase the inlet capacity by 
creating a standing wave beside the 
curb opening; therefore, deflectors of 
shapes other than those studied would 
probably work as well if they provided 
an equally rough surface at the inlet. 
In order to estimate the capacity of 
inlets with non-rectangular deflectors, 
engineering judgment can be used to 
sketch a series of rectangular notches 
and ridges believed to have a roughness 
about equivalent to that of the non- 
rectangular deflectors. 

Deflector inlets are of practical inter- 
est because when they are installed in 
steep streets, their intake capacity is 
greater than that of most other types 
of inlets. Furthermore, since the top 
of the deflectors are level with the pave- 
ment, this type of inlet is less annoying 
to traffic than a depressed inlet. 

The tests reported here were con- 
ducted with inlet models of 1:3 scale 
(1). Inlets of different dimensions and 


streets at different grades were tested. 
In each case, the inlet capacities were 
measured for different quantities of 
gutter flow up to flows which gave 30 
per cent carry-over. Dimensional anal- 
ysis is employed to account for all of 
the physical variables that affect the 
inlet capacity. 


Letter Symbols 


The following symbols are used in 
this article (see Figure 1): 


= depth of slots at curb line (ft.) 
= width of deflector (ft.) 
: = clearance between deflectors, or 

width of slots (ft.) 
gravitational force per unit mass 
(gravitational acceleration) (ft. 
per sec. per sec.) 

= length of curb opening (ft.) 
(L sina — c)/(b + ce) = number 
of slots. 
Manning’s roughness coefficient 
for gutter. 

= quantity of gutter flow (c.f.s.) 
discharge into inlet (c.f.s.) 
street grade (ft. per ft.) 

= mean velocity of gutter flow (ft. 
per sec.) 
width of deflector area (ft.) 
depth of gutter flow at curb (ft.) 
angle bet ween deflectors and curb- 
line. 
angle between cross-section of 
street and vertical. 


Other symbols used are defined where 
they first appear. 
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SECTION A-A 


Analysis of Test Data 


The discharge, Q, into the deflector 
inlet shown in Figure 1 depends upon 
the length of the curb opening, L; the 
width of the deflectors, b; the depth of 
the slots at the curb, a; the clearance 
between deflectors, c; the width of the 
deflector area, W; the angle between 
the deflectors and the curb, a; the grav- 
ity acceleration, g; the street crown 
slope as measured by the angle, 69; the 
flow depth, yo; and the velocity of the 
approaching flow, vy. The slope and 
roughness of the gutter and the gutter 
flow, Qo, are accounted for in the values 
of vo, Yo, and Op. 

Since these eleven quantities can be 
expressed in terms of two fundamental 
physical dimensions—namely, length 
and time—there can only be nine inde- 
pendent dimensionless quantities, say, 


Q W ac Lsina 
L yo Ng Yo L Lb b+e 
vo 2Q 
and ———. 
Vg Yo Vo Yor tan 6, 


SECTION B-B 
FIGURE 1.—Deflector inlet design. 


Inasmuch as the gutter flow Qo = v9 yo’ 
tan 6)/2; the number of notches be- 
tween the deflectors, N & L (sin a)/ 


(b +c), and ~0.14 = as shown 
Vd Yo n 

in Part I (1); the nine dimensionless 

quantities may be set into the following 

functional relationship : 


= = 
L yo Ng Yo 
ade 

= (0,4 n 2). 
In the model tests the values of W/L 
used ranged from 1/3 to 1, of a/L from 
1/25 to 1/50, of vs/n from 12 to 22, 
and of Q/Q»> from 0.7 to 1. The value 
of c/b was fixed at 2 and at 5, and the 
value of N at 6,9, and 12. To reduce 
the amount of experimental work, only 
cases with tan @) = 18, and a = 45° 
were thoroughly investigated. In view 
L Yo V9 Yo 
for undepressed curb inlets is practically 


of the fact that the value of 
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independent of the street crown (2), 
only a few tests with other values of 
tan 6) were made. The chosen value 
of 18 for tan 4 is believed to be repre- 
sentative of the average conditions in 
streets. The deflector angle of 45° was 
chosen for thorough investigation be- 
cause preliminary tests indicated that 
this value was about as effective as any 
in which the deflectors were parallel 
with one another. 

From the test data with a = 
is found that for a given inlet 


|W 
(<) -. (1) 
L yo Vg Yo b n *L 


TABLE I. 


45°, it 


| 
| Calibrated 
Street Grade 
(8) | Vs 
| n 
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changes only 
L yo Vg Yo 
slightly with change in the value of c/b. 
For example, this quantity increases 
only 5 per cent when c/b is increased 
from 2 to 5. 

For c/b = 2, Eq. 1 may be written: 


The value of 


Q = 0.06 yo yo LW 


. (2) 


Test data for an inlet with this deflector 
geometry are shown in Table I. Figure 
2 has been prepared to show graphically 
the performance of the inlet. 

As indicated by Eq. 1, the inlet ca- 


-Test Data for Deflector Inlet 


Computed 


yo 
(ft.) 


0.02 13.6 


0.284 
0.273 
0.254 
0.242 
0.221 
0.203 


0.274 
0.265 
0.258 
0.248 
0.217 
0.198 


0.64! 


oN (L = 6 ft. 3in.; W = 2 ft. 3 in.; c = 4 in.; b = 2 in.) 5 
| | | Q | | 
| (c.f.s.) | (c.f.s.) Qo | LyoVoyo 

3.88 2.52 0.65 0.48 
3.50 2.42 0.69 0.48 
287 | 2.23 | 0.78 0.50 
251 | 209 | 0.88 0.50 
1.99 1.82 | 0.92 | 0.50 
157 #154 (0.98 | 048 
| | | | 0.49! 
0.03 155 | 400 | 274 | 0.69 | 0.54 
3.64 | 256 | O71 | | 0.53 
| 340 | 250 | O74 | 0.54 
308 240 | O78 | | 0.54 
2.12 | 208 | 094 | | 0.58 
168 | 167 | 0.99 | 0.54 
| | | | 
a 0.04 16.8 408 | 306 | 075 | 0.268 | 0.63 
3.51 | 260 | O74 | 0254 | 0.60 
ar | | 351 | 273 0.78 | 0254 | 0.57 
| | 321 | 278 | 0.86 0.244 0.65 
| | 246 | 2.28 0.92 | 0.220 | 0.62 
2.14 2.08 | 0.97 0.211 0.60 
| | 
| | | 0.61! : 
| | 
ae 00 | 179 | 416 | 3.01 0.73 | 0.262 | 0.64 
sae | | 3.56 | 281 0.79 | 0.248 | 0.64 
272 | 254 0.93 0.223 | 0.67 
2.17 | 2.08 0.96 | 0.207 | 0.62 
209 | 2.04 0.98 | 0.203 | 0.68 
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TABLE I.—Continwed 


Street Grade | Calibrated | 
(s) | | 


0.06 


1 Average. 


pacity per unit length, Q/L, under a 
given gutter flow is independent of a/L 
when a/L>1/50, and of N when V>6, 
and is practically independent of c/b. 
This may be explained as follows: The 
outer portion of the gutter flow striking 
the deflectors is directed towards the 
curb opening. This flow from the outer 
portion of the gutter blocks the flow 
coming to the inlet near the curb, and 
creates a phenomenon similar to the 
swell over obstacles in a supercritical 
flow. Gutter flow is invariably super- 
critical if the grade is about 0.01 or 
greater. The increased depth of flow 
in front of the curb opening accounts 


Computed 


| 
| 


0.266 
0.258 
0.249 
0.239 
0.226 
0.212 


for the higher inlet capacity. The mag- 
nitude of this increase in depth is inde- 
pendent of the precise number and the 
geometrical details of the deflectors so 
long as a few deflectors are present. 
Thus, in designing an inlet of this type, 
a small value of the depth, a, say L./50, 
may be used (for example, a = 1} in. 
for a 5-ft. opening). 

Full-scale models with values of the 
slot width, c, equal to 2, 4, and 7 in. 
for a deflector width, b, of 2 in. and slot 
depth, a, of 2 in. were used to determine 
the effect of the deflector inlet on mov- 
ing traffic. In passing over the 2-in. 
and 4-in. slots no perceptible vibration 


(e.f.s.) | (e.f.s.) | Qo itt ) LyoVoyo 
= 4.44 | 3.22 | 0.73 0.265 | 0.67 
3.73 | 3.01 | O81 | 0247 | 070 
2.82 085 | 0.236 0.70 
3.00 | 2.75 0.92 | 0.228 0.72 ee 
256 | 243 09 | O215 | 0.65 a 
. 225 | 2.20 0.98 | 0.205 | 067 
| | 
| | | 0.68" 
| | | | | x: 
007 | 19.9 425 | 332 | 0.78 0.255 0.72 
394 | 321 | O82 | | 0.78 
| | 323 | 293 | og | 0230 0.75 ee, 
| 2.98 278 | 095 | 0.222 0.76 
2.68 | 2.64 | 0.98 0.215 | O74 
| 231 | 2.28 0.99 | 0.203 0.70 
| | | | 0.73! 
0.08 | 226 | 4:87 | 3.61 | 074 | 0.70 
| |} 452 | 3.48 0.77 | | 0.74 
| | 0.86 | 
3.15 | 0.97 0.80 
2.69 | 267 | 099 | 0.77 
0.09 | 21.3 5.37 3.84 | 0.72 0.272 0.76 a a 
4.84 3.74 0.77 | 0261 0.78 
3.90 3.44 0.86 0.242 0.82 ie 
| | 3.17 0.96 | 0.227 0.82 
| | 2.98 2.93 | 0.98 0.217 0.81 pes 
| 
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Required lengths of curb inlets in streets with crown slope of { in. per foot. 
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Dashed 


lines are for curb inlets in 3-in. depression, solid lines for deflector inlets with W = 2.4 ft. 


was transmitted to the occupants of an 
automobile. On the other hand, con- 
siderable vibration was felt when driv- 
ing across the inlet with 7 in. slots. 
The extent to which slots of various 
width tend to become clogged with road 
dust or other material will have to be 
determined by field experience. With 
a slot 4 or 5 in. wide it seems reasonable 


0.5 


to expect that both moving traffie and 
moving water will keep the slots suffi- 
ciently clear to function properly. 
According to Eq. 1, the inlet capacity 
increases as the square root of the width, 
IV, of the deflector area. The value of 
IV selected when designing an inlet de- 
pends on (a) the width of the flow in 


the gutter at capacity, (b) economic 


— 
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FIGURE 3.—Design curves for deflector inlets. Curves apply to cases where 
W/L > 1/3, a/L > 1/50, 22 > Vs/n > 12, Q/Qo > 0.7, and N > 6. 
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considerations, and (c) the distance be- 
yond which the designer may consider 
it undesirable to extend the slots. 


Design Curves 


Manning’s formula for open-channel 
flow was used to prepare the design 
curves shown in Figure 3. As_previ- 
ously demonstrated (1), Manning’s for- 
mula gives 


1/4 3/8 
yo = 1.326 i+ ( Qo ) 


(tan Vs/n 


for gutters of uniform cross-slope as de- 
fined by the angle 4. Substituting this 
expression into Eq. 1 gives 


Q 


(tan 


c\! 
= 0.504 (;) 
b 


Figure 3 has been prepared to facilitate 
the solution of this equation for values 
of ¢’/b ranging from 2 to 5. 

Example 1.—Given gutter flow Qo = 
6 c.f.s., street grade s = 6 per cent, 
street crown = 3 in. per ft., and n = 
0.013. The width, W, is to be kept 
within 3 ft., and the slot width, c, is to 
be less than 4.5in. Design a curb inlet 
with deflectors to capture 90 per cent of 
the gutter flow. 


Here 


(1+see 


Vs/n = 


V0.06/0.013 = 18.9, 
which is within the limits of application 


(12 to 22) of Eq. 1 and Figure 3. 
c/b = 2. With Qo/(vs/n) 
0.318, and street crown = 


Q 


Qo VWL 

the specified Q/Q) = 0.9, the required 
VWL = 0.9/0.185 = 4.86, or the re- 
quired WL = 23.6. Using the maxi- 
mum allowable W = 3 ft., the required 
L = 23.6/3 = 7.9 ft. Use L =8 ft. 
(Check: W/L =3/8>1/8, O.K.) Use 
a depth of slot at the curb, a = L/50, 


Use 
= 6/18.9 = 
3 in. per ft., 


= 0.185 from Figure 3. Since 
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of say 2 in. Use 10 (>6) deflectors 
with width b = 2 in. spaced with clear- 
ance c = 4 in. 

Example 2.—Find the flow into a 
6-ft. curb inlet with deflectors, given 
Qo = 3c.f.s.,s = 0.05, n = 0.013, W = 
2 ft., c = 4.5 in., b = 1.5 in. (N = 6), 

= 1.5 in., and street crown = 3 in. 
per ft. 

Here W/L = 1/3, a/L = 0.021, vs/n 
= 17.2, and N = 6. Under these con- 
ditions, Eq. 1 and Figure 3 are appli- 
cable. With Qo/(vs/n) = 3/17.2 = 
0.174, street crown = 3 in. per ft., and 


c/b = 4.5/1.5 = 3, = 0.19. 
1.02 Qo WL 
Therefore, Q=0.19X1.02K3X V2X6= 
2.02 e.f.s. (Check: Q/Qo=0.7, O.K.) 


Conclusion 


The capacity of deflector inlets in- 
creases with the street grade, a charac- 
teristic that is the opposite of that 
shown by other types of inlets. 

As previously indicated (2), the ca- 
pacity of a curb-opening inlet without 
depression is given by 


Q 


= ().20 to 0.23. 
L Yo Ng Yo Yo 


As shown by Eq. 1, the capacity of 
deflector inlets is much higher, and in 
steep streets may be several times as 
large as that of undepressed curb inlets. 
The performance of deflector inlets and 
copeeemen curb inlets is compared in 
Figure 2 (the dashed lines in Figure 2 2 
are reproduced from Figure 10 in Part 
II of this series (2)). It can be seen 
that for vs/n > 17, the deflector inlet 
has the greater capacity. The depth of 
the slots in the deflector inlets is in 
every case smaller than the 3-in. de- 
pression depth to which the curves for 
depressed curb inlets apply. 
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SEWER INSIDE A SEWER 


Waterloo, Iowa, recently constructed a 
sewer within a sewer. The original line, 
a 12-ft. conerete arch built in 1904, had 
become a combined sanitary and storm 
sewer. The city’s plan ealled for separa- 
tion of storm and sanitary flows by con- 
structing new lines either inside or outside 
of the existing lines. In one area, residen- 
tial in part and in part in a business dis- 
trict, it was feasible to construct the new 
line inside the old one (Figure 1) rather 
than to trench down to the level of the 
existing sewer to install a new pipeline. 

A twin, 2l-in. diameter concrete pipe 


sewer 3,526 ft. long was installed. Stand- 
ard 4-ft. lengths of reinforced concrete 
sewer pipe were lowered into the existing 
line through top openings made about every 
1,000 ft. 

The operation called for placing the 
pipe, drilling and placing anchor rods in 
the side walls and floor, setting the forms, 
and pouring the side encasement. Progress 
was rapid, with 125 ft. of twin line (250 
ft. total) installed per day. The reduced 
area of the storm sewer is not of conse- 
quence because of the substantial volume 
of flow carried by the new sanitary sewer. 


FIGURE 1.—Twin 21-in. sanitary sewer inside large storm drain saved money and 
inconvenience along new sewer route. 
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Industrial Wastes 


DISPOSAL OF ELECTROPLATING WASTES 
BY ONEIDA, LTD.* 


I. Survey of Wastes 


By CHARLES A. WALKER AND Pau W. EICHENLAUB 


Respectively, Associate Professor, Department of Chemical Engineering, Yale University, 
New Haven, Conn., and Chemist, Oneida, Ltd., Oneida, N. Y. 


The main plant of Oneida, Ltd., man- 
ufacturers of silver plated tableware 
and hollow ware, sterling tableware, 
stainless steel tableware, and various 
metal products related to the needs of 
the armed forces, is located in Sherrill, 
N. Y., in the midst of a rural area 
containing numerous dairy farms. The 
small streams of the area and nearby 
Oneida Lake afford opportunities for 
recreation for thousands of people in 
the form of fishing, swimming, and 
boating facilities. The choice of such 
an area for the location of an industrial 
plant makes it necessary that the plant 
management assume the responsibility 
for avoiding contamination of water- 
ways which are an important asset to 
the people. Such a responsibility is 
difficult to discharge in the case of a 
plating plant, as the manufacture of 
silver plate involves the use of a base 
metal containing copper and zine and 
of a plating solution containing cya- 
nides, all of which are recognized as 
being highly toxie to fish and other 
forms of aquatic life. The very thor- 
ough cleaning operations which pre- 
cede the plating step and the washing 
of plated merchandise result unavoid- 
ably in the production of large quanti- 
ties of contaminated water containing 


* Presented at 1954 Annual Meeting, New 
York Sewage and Industrial Wastes Assn.; 
New York, N. Y.; Jan. 21-22, 1954. 
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cleaners, heavy metals, and cyanides. 
This water must be treated chemically 
before it can be discharged into sur- 
rounding waterways. 


Early Treatment Facilities 


In 1941 a study of waste disposal at 
the Sherrill plant indicated the de- 
sirability of separating certain concen- 
trated wastes from the plant effluent, 
all of which was routed to a nearby 
creek. The uncertainty of the times 
made it necessary, however, that dis- 
posal of these more concentrated wastes 
be carried out by lagooning, depending 
on evaporation and seepage to limit the 
lagoon volume and area_ required. 
There was accordingly developed at 
that time a thorough system of waste 
segregation according to types and a 
system of disposal lagoons. 

A simplified sketch of the waste dis- 
posal system as it existed in 1951 is 
shown in Figure 1. Clean wastes were 
routed directly to the factory ditch, 
from which they flowed through a re- 
tention pond (designed to equalize 
slugs of contaminants which entered 
this stream by mistake) into Sconondoa 
Creek. Sanitary wastes were routed to 
a sewage treatment plant, the effluent 
from which entered the factory ditch. 
Acid wastes and alkali wastes were 
routed directly to lagoons, as was the 
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effluent from a small unit for recover- 
ing silver from certain wastes by ex- 
change with zine. 

At the time the system of disposal 
installed it was realized 
that only a temporary solution to the 
waste disposal problem been 
achieved. In 1951 it was decided by 
the company management that a 
permanent and complete solution to the 
waste disposal problem would be sought 
as rapidly as possible. A somewhat 
detailed account of the development 
which occurred in the period 1951- 
1953 is presented in this series of pa- 
pers. 

The cleaning and plating operations 
in the Sherrill plant are carried out 


lagoons was 
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in more than 130 still rinse tanks and 
electroplating baths and more than 110 
running rinse baths. The development 
of waste disposal facilities in this plant 
began in 1941 with the installation of 
a waste collection system which served 
to segregate the liquid wastes into the 
following classes : 


1. Clean wastes. 

2. Contaminated wastes. 
(a) Silver-bearing wastes. 
(b) Acid wastes. 
(ec) Alkali wastes. 


The clean wastes, largely running 
rinses from tanks so located with re- 
spect to other tanks containing toxic 
materials that the probability of acci- 
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FIGURE 1.—Flow diagram of waste disposal system at Oneida, Ltd., plant in 1951. 
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dental contamination was very low, 
were routed to a ditch which discharges 
into Sconondoa Creek. The contami- 
nated wastes were divided into three 
classes as indicated. 

Dilute silver-bearing cyanide wastes 
were collected in large tanks and con- 
tacted with metallic zinc for the re- 
covery of silver. The supernatant zine 
cyanide solution from these tanks was 
drained to disposal lagoons, which also 
received the acid wastes and the alkali 
wastes. Thus the system resulted in 
adequate segregation of potentially 
harmful wastes, although it was recog- 
nized as an incomplete solution to the 
problem since lagooning cannot be con- 
tinued indefinitely. However, this sys- 
tem did serve to prevent contamination 
of the nearby surface waters from 1941 
to 1953. Furthermore, the segregation 
system with only a few slight modifi- 
cations was found to be satisfactorily 
planned as regards the separation of 
wastes into types suitable for treat- 
ment. 


Review of Segregation System 


When it was decided in 1951 to pro- 
ceed as rapidly as possible with the 
development of complete waste disposal 
facilities, it was necessary first to re- 
view the segregation system to insure 
that it was satisfactory as regards the 
separation into clean wastes and con- 
taminated wastes and as regards the 
further separation of contaminated 
wastes into types suitable for treat- 
ment. It was further necessary to de- 
termine the flow rates and compositions 
of those wastes which required treat- 
ment. 

The waste collection system was 
checked first to make certain that all 
wastes which might occasionally con- 
tain prohibitively high concentrations 
of toxic materials were routed to the 
lagoons. Furthermore, it was realized 
that some tanks which did not normally 
contain toxie materials would have to 
be routed to the lagoons because their 
proximity to other tanks containing 
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TABLE I.---Analysis of Factory Ditch Water 
before Survey 
- 
| | 
Aug. 13, 1951 | 0.64 14 | 1.6 
Aug. 14, 1951 | 1.04 | 20 | 18 
Aug. 15,1951 | 128 | 18 | 02 
Aug. 16, 1951 0.48 | 1.2 1.6 
toxic materials might tempt a work- 


man to dispose of toxie materials 
through the wrong line. 

The normal condition of the factory 
ditch water at the time this survey was 
initiated is indicated by the analyses 
(Table I) of water taken from the inlet 
of this ditch. It may be noted that the 
dilution of factory ditch water as it 
enters Sconondoa Creek may be as low 
as four-fold during an unusually dry 
season. Blending of water of the com- 
position given in Table I with three 
volumes of creek water leads to con- 
centrations of free evanide, copper, and 
zine, which are regarded as excessive 
by the New York State regulatory 
agencies. It was necessary, therefore, 
to attempt to locate the wastes respon- 
sible for cyanide, copper, and zine in 
the factory ditch. Analytical data on 
a number of individual running rinses 
were obtained to serve as a guide in 
revising the segregation practice. Fur- 
thermore, it was found advisable to 
check the routing of wastes from every 
drain in the plant. This was done by 
the use of fluorescein as an indicator, 
the dye being added to each drain in 
turn while outfalls were observed to 
determine whether the discharge was 
routed to the ditch or to the lagoons. 


TABLE II. Analysis of Factory Ditch Water 
after 
Date lo vide | Copper | Zine 
) (p.p.m.) | (p.p.n. 
Sept. 10, 1952 | 0.08 | 0.50 | 00 
Dee. 16, 1952 | 0.13 | 0.20 6. 
Mar. 17, 1953 | 0.13 0.14 
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This program of sampling and line 
tracing, which required some months, 
revealed that small contributions to 
the cyanide, copper, and zine content of 
the ditch water were being made by a 
number of dilute rinses. The net re- 
sult of the program was the rerouting 
of about 12 discharges from the ditch 
line to the lagoon lines. Several hun- 
dred spot samples of the ditch water 
have been analyzed since these changes 
were made because it was deemed es- 
sential that this segregation program 
be perfected before a plant design was 
undertaken. Typical analyses of the 
factory ditch water as it flows into 
Seonondoa Creek are given in Table IT. 
When water of this composition is di- 
luted by a factor of at least four as it 
enters Sconondoa Creek, the result is a 
water of acceptable quality as regards 
the contents of cyanide and heavy 
metals. 

The segregation system was next re- 
viewed to determine whether the types 
of waste flowing from the various out- 


falls into the lagoons represented logi- 
cal types with regard to treatment 


methods. It was found that the prac- 
tice in the usage of waste lines involved 
adequate segregation of those wastes 
containing recoverable concentrations 
of silver and of those wastes containing 
acids and heavy metals. The so-called 
alkali waste, however, was found to 
be simply a combination of all process 
wastes other than those containing 
silver and those containing acids. Thus, 
there were present in the alkali wastes 
considerable quantities of soaps, kero- 
sene, orthosilicates, borax, ete., as well 
as cyanide and heavy metals. 

Investigation showed that it would 
he possible to separate the alkali wastes 
into two types by the installation of 
another waste line. One of these 
wastes would contain organic materials 
and some heavy metals from the clean- 
ing operations, but no cyanide; the 
other would contain cyanide and heavy 
metals with a small amount of organic 
materials. 
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If such segregation were practiced, 
however, it would be necessary to in- 
stall a treatment unit for each of the 
two types of waste. It was therefore 
decided that this further segregation 
would not be undertaken unless the 
development of treatment methods was 
made much more difficult by the com- 
plex nature of the alkali wastes. In 
particular, it was felt that the organic 
material might interfere with the oxi- 
dation of cyanides. As noted in Part 
II, however, it was possible to develop 
adequate treatment methods despite the 
complexity of this waste discharge. 
Thus the entire development of waste 
disposal facilities was greatly speeded 
by the fact that the segregation sys- 
tem which had been developed 12 years 
earlier proved adequate. 


Flow Rate Determinations 


An adequate waste disposal plant de- 
sign requires a rather complete knowl- 
edge of flow rates of the wastes, in- 
stantaneous flow rates being of greatest 
importance if a continuous treatment 
process is to be used and average flow 
rates of more importance if a batch 
treatment process is to be used. It is 
frequently necessary to have a knowl- 
edge of both types of flow rates, as the 
variability is one factor which enters 
into the choice between batch and con- 
tinuous processing. 

Only the average flow rate of the 
silver-bearing wastes was measured be- 
cause it was realized that the source 
of these wastes (largely dumpings) in- 
dicated that considerable variation in 
flow rates and compositions could be 
expected. These variations and the 
relatively small flow rates virtually die- 
tated the use of a batch treatment. At 
the time of the survey these wastes 
were drained into 2,000-gal. tanks for 
treatment with zine to recover silver. 
Operating data on this process pro- 
vided adequate data on the flow rates 
of silver-bearing wastes. 

The acid wastes originate in a bright 
dip unit for nickel silver and an acid 
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stripping unit for recovery of silver 
from rejects. Since continuous treat- 
ment appeared to be a definite possi- 
bility in this case, it was desired to 
measure instantaneous flow rates. This 
was accomplished by the temporary in- 
stallation of water meters on the inlet 
lines to the two units. 

The measurement of the flow rate of 
the alkali wastes presented the most se- 
rious problem, because this waste dis- 
charge comes from many sources. It 
was realized early in this work that it 
might be very convenient to have data 
on the flow rate on each of the more 
than 100 running rinses in the plant, 
not only for the purposes of the waste 
disposal system, but also for use in a 
water usage survey. The simplest 
method of obtaining these data ap- 
peared to be by noting the time re- 
quired for each tank to fill to a certain 
depth and calculating the flow rate 
from this information and the tank di- 
mensions. It was necessary to perform 
this test while the water usage in all 
parts of the plant was that of a typical 
working day in order that water line 
pressures be normal. Since the nature 
of some of the manufacturing processes 
made it inadvisable to drop the liquid 
levels in certain tanks (either by bot- 
tom drains or by siphons) during work- 
ing hours, it was decided to make these 
measurements on a Saturday morning, 
when no manufacturing was in prog- 
ress. All running rinses in the plant 
were turned on for about 4 hr. while 
a group of men working in each section 
of the plant recorded the necessary 
data. Thus, the required information 
was obtained very easily and cheaply 
without any interference with produe- 
tion. Since it was known which rinses 
were routed to the alkali waste lines, it 
was easy to calculate the total flow rate 
to these lines. Checks on the flow rates 
so calculated were obtained by gaging 
sump tanks, into which the wastes 
drained by gravity and from which 
the wastes were transferred by pumps. 
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TABLE III.—Flow Rates of Waste Discharges 


Flow Rate 


Waste Remarks 
| 
| 


Silver 5,000 


Acid | 4,500 | 40,000) Flow rate constant, 7 am to 
| 4 pM; essentially zero flow 


during night shifts 


Alkali 
| g.pb., 7 am to 4 pm; flow on 
night shifts and total daily 
flow variable depending on 
production 


12,500 | 160,000! Flow rate constant at 12,500 


The flow rates of the various waste 
discharges are summarized in Table 
ITT. 


Determination of Waste 
Compositions 


In undertaking the survey of waste 
compositions, it was decided first that 
the wastes would be analyzed for free 
cyanide, total cyanide, and heavy 
metals (particularly copper, zinc, 
nickel, and silver) ; that is, the wastes 
were to be analyzed only for toxic ma- 
terials and potentially recoverable ma- 
terials. Estimates of the compositions 
of the wastes with regard to kerosene. 
soaps, orthosilicates, ete., were made 
from information on the frequency and 
procedure for making up the various 
baths in the plant. This procedure pro- 
vided information on both the in- 
stantaneous and average concentrations 
of toxic and recoverable materials, but 
it provided only long-term composite 
concentrations of other materials. 
These proved adequate, however, since 
the problem of developing treatment 
methods was approached by applying 
each treatment method to a variety of 
waste samples in order to make certain 
that it would satisfactorily remove 
toxic and recoverable materials regard- 
less of the nature and concentration 
of other materials present. The compo- 
sitions of the various waste discharges 
are given in Table IV. 

Total cyanide in the wastes was de- 
termined by distillation, according to 
the method developed by A.E.S. Re- 
search Projects 2 and 10 (1). Free 
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TABLE IV.—Composition of Waste Discharges 


Concentrations (p.p.m.) 


Waste ['ype of Sample Component 


Min Max Av 
Silver Spot Silver 6 2,000 270 
Spot Copper 3 | 900 12 
Spot Nickel 0 | 30 5 
Spot Zine 0 25 | 9 
Spot Free cyanide 3 2,800 | 116 
Spot Total cyanide 4) | 3,940 | 155 
Total acid 1 Sulfurie acid 1,740 
Nitric acid | 2,020 
Hydrogen chloride - 243 
Caustic soda 14 
Sodium bichromate -- 4.8 
Spot Silver 1.1 
Spot Copper 30 590 135 
Sp rt Nickel 10 130 33 
Spot Zine 5 220 65 
Spot Tron —_ 0.4 
Total alkali 2 | Soap 270 
-2 Borax 19 
2 Orthosilicates 10 
2 Caustic potash 70 
Hvdrogen chloride 7 
Ammonium chloride 11 
Oakite laundry comp. 12 
2 K-2 Pennsalt 34 
2 Oakite-66 68 
2 Penn-35 6 
Trisodium phosphate 
2 Northwest cleaner 36 
Kerosene 120 
2 Solventol 52 
Composite Total evanide 7.8 91.58 21.7 
Composite Copper 3.2 19 6.1 
Composite Nickel 0.4 3.2 1.9 
Composite Zine 0.5 5.1 2.2 
Composite Silver 0.2 


' Calculated from plant records; based on a flow of 40,000 g.p.d 
* Caleulated from plant records; based on flow of 160,000 g.p.d 
Total cyanide concentration seldom above 20 p.p.m. Monday Thursday, inel. ; high values 
observed on Fridays as a result of dumpings 


cyanide was determined from the measuring the current at — 0.20 vy. and 
polarogram of a sample of the solution also at — 0.40 v., where only the eur- 
Which had been added to 1g. of sodium rent due to the silver is found. The 
hydroxide and 0.05 mg. of methyl red, difference between these represents free 
diluted to 100 ml., and de-aerated by cyanide. Silver, copper, nickel, and 
a stream of pure hydrogen. The height zine were determined polarographi- 
of the anodic wave at — 0.20 v. versus cally, using cadmium as a pilot ion 


the saturated calomel electrode is pro- (2). Iron was also determined by a 
portional to the free cyanide concentra- polarographic method (3). 
tion after the appropriate correction is Spot samples of the silver-bearing 


applied for the contribution of the wastes or simple composites of spot 
dissolved silver to the diffusion current samples were used for analysis. Since 
at this potential. This is best done by a batch process for recovering silver 
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was previously indicated, composite 
samples would have been satisfactory, 
but there was no convenient way of 
getting true continuous composites. 
Spot samples of the acid wastes were 
preferred, because a continuous proc- 
ess for treating these wastes seemed 
quite probable. The alkali wastes were 
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so highly variable in composition that 
it was felt certain that batch treatment 
or continuous treatment of equalized 
batches would be used. Hence, com- 
posite samples (accumulated over a 4- 
hr. period by pumping from the sump 
into a 50-gal. drum) were used for 
analysis in this case. 


II. Development of Treatment Processes 


By Cuarues A. WALKER, WALTER ZABBAN,* RAyMoND W. SouTHwortu, 
AND E. P. HESLINn 


Respectively, Associate Professor of Chemical Engineering; Research Associate, AES Project 
10; Associate Professor of Chemical Engineering; and Graduate Student, 
Yale University, New Haven, Conn, 


Choice of Cyanide Removal Method 


The first problem considered in the 
development of processes for treating 
wastes from the Sherrill plant was that 
of removing cyanides from the wastes. 
It was realized that the relatively low 
dilution factor available from the pro- 
posed waste disposal plant to Secon- 
ondoa Creek (about 10:1 in very dry 
periods) would make it necessary to 
discharge treated effluents containing 
not more than 1 p.p.m. free cyanide and 
3 p.p.m. total cyanide. It was also felt 
that this relatively low dilution factor 
made it inadvisable to discharge ap- 
preciable concentrations of cyanates 
into the creek. This point can be de- 
bated in view of the uncertainty which 
exists regarding the toxicity of eya- 
nates, but it was considered preferable 
here to provide for treatment which 
would produce effluents containing low 
concentrations of ceyanates, unless eco- 
nomic factors indicated that this con- 
dition would be very costly to achieve. 
With these considerations in mind and 
the results of American Electroplaters’ 
Society Research Project No. 10 (4) 
(5) at hand it was found that oxida- 
tion of ecyanides by chlorine or hypo- 
chlorites appeared in this particular 


* Present address: Chester Engineers, Pitts 
burgh, Pa. 


case to be the most attractive method 
for cyanide removal. This method of 
treatment offers the specific advantages 
of lower capital costs of equipment as 
compared with such methods as the 
use of ozone or ion exchange, and of 
having been proved in commercial ap- 
plications to be capable of producing 
effluents of the quality required in this 
work. 


Silver-Bearing Wastes 


The composition of silver-bearing 
wastes as given in Part I indicated 
that the proper treatment of this waste 
discharge should provide for removal 
of cyanide, recovery of silver in a form 
suitable for use in the plant or for 
sale to a refiner, and removal of heavy 
metals. A relatively small but vari- 
able amount of suspended matter con- 
tained in the wastes must also be re- 
moved to produce a clear effluent. The 
following methods of recovering silver 
were considered : 


1. Precipitaticn as the chloride. Pre- 
cipitation of silver from dilute cyanide 
solutions as the chloride will occur 
when chlorine or hypochlorite is used 
to oxidize cyanides. Thus silver recov- 
ery and cyanide removal might be ae- 
complished in a single step. 

2. Ton exchange. The recovery of 
silver on an ion exchange resin and its 
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regeneration as a cyanide complex 
suitable for re-use in the plating baths 
(5) appeared attractive. The scale of 
this operation and the relatively small 
margin between the value of silver as 
the chloride and of silver in a cyanide 
solution indicated that the gain in value 
would not compensate for the chemical 
control work required. 

3. Precipitation on zine. It was 
noted in Part I that recovery of silver 
by exchange on zine had been practiced 
in the Sherrill plant for some years. 
The efficiency of this process was rela- 
tively low. Although this might have 
been improved there was no incentive 
for such improvement in view of the 
fact that the effluent from such a proc- 
ess would still contain all of the cya- 
nide which entered with the waste; that 
is, there would still exist a waste dis- 
posal problem. 

These considerations indicated 
strongly that the possibility of reeover- 
ing silver by precipitation as the chlo- 
ride should be investigated first. 

A review of the literature indicated 
relatively little information on the com- 
mercial feasibility of silver recovery by 
this method. This lack of information 
is not surprising, in view of the fact 
that the method is not applicable to 
more concentrated solutions because 
the chloride ion formed from chlorine 
or hypochlorite may increase the solu- 
bility of silver chloride (6) to the 
point where losses in the supernatant 
liquid are excessive. The concentra- 
tions of chloride ion which result from 
oxidizing smaller concentrations of 
cyanide are not sufficient to have an 


Tot. CN Ag 


| Treatment 
| (p.p.m.) (p.p.m.) 


Analysis 
Sample | 105 
250 

150 


Supernatant 3.5 
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TABLE V.—Typical Results of Laboratory Experiments on Silver Recovery 


(p-p.m.) 
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appreciable effect on the solubility of 
silver chloride. 

The results of preliminary experi- 
ments on this method indicated a possi- 
bility of good silver recovery. It was 
found, however, that the silver chloride 
precipitate was very finely divided, 
making its recovery by sedimentation 
or filtration rather difficult. Experi- 
ments according to the following 
scheme were undertaken to determine 
whether chlorination in the presence of 
previously precipitated silver chloride 
might yield larger particles with bet- 
ter settling and filtration character- 
istics: 


1. 1000 ml. of the first sample was 
treated with sodium hypochlorite in a 
quantity sufficient to supply 3.5 g. avail- 
able chlorine per gram of cyanide. The 
solution was stirred slowly for 30 min. 
to allow time for the cyanide oxidation. 

2. The suspension was allowed to 
settle. 

3. 900 ml. of clear supernatant was 
decanted and analyzed. 

4. 900 ml. of a second sample was 
poured into the beaker containing the 
precipitate and treated as described 
above. The process was repeated for 
a total of 10 samples. 


Typical results of these tests are pre- 
sented in Table V. (It will be noted 
that at the time of this work eyanide 
oxidation was being carried only to the 
cyanate stage. The later decision to 
oxidize to carbon dioxide and nitrogen 
required no change in the procedure 
except as noted in Part IIT.) 

The results of these experiments in 


Cu Ni | Fe 
(p-p.m.) | (p.p.m 
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dicated the proposed process to be 
satisfactory as regards cyanide oxida- 
tion and silver recovery. Furthermore, 
it was noted that the chlorination in 
the presence of previously precipitated 
sludge yielded a precipitate of im- 
proved settling characteristics. The re- 
moval of heavy metals was not as com- 
plete as might be desired. It had been 
decided at this point, however, that the 
waste disposal plant would be so ar- 
ranged that all smaller discharges, such 
as the supernatant from silver reeov- 
ery, would be mixed with the main 
raw waste discharges rather than being 
dumped directly into the creek. This 
arrangement would leave the operator 
responsible for the quality of only one 
effluent from the plant. Thus, com- 
plete removal of heavy metals during 
the silver recovery process was not 
necessary. 

The silver recovery process was fur- 
ther investigated with larger batch 
sizes (5 gal. and 500 gal.). The results 
of these investigations confirmed the 
previous conclusions. 


Alkali Wastes 


Preliminary experiments on proc- 
esses for treating the alkali wastes in- 
dicated that the most promising method 
would involve skimming to remove 
some kerosene, soaps, ete., oxidation of 
the cyanide by chlorine or sodium hy- 
pochlorite, acidification to ‘break out’’ 
emulsified oils, skimming, and precipi- 
tation of heavy metal hydroxides by 
the addition of lime. In order for this 
process to be satisfactory it was neces- 
sary that the final heavy metal hy- 
droxide floc serve to clarify the wastes 
of suspended soaps, ete. The degree 
of clarification which can be obtained 
with a floe is, of course, dependent on 


the concentration of the floc. It was 
therefore necessary to determine 
whether the metals present in the 


alkali wastes would provide enough floe 
for effective clarification or whether ad- 
ditional heavy metal would be neces- 
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sary. Such additional heavy metal 
might be supplied by the addition of 
alum or a ferric salt. Another possible 
source of heavy metals for floc forma- 
tion was the acid waste, which con- 
tained appreciable concentrations of 
copper, nickel, and zine. 

In carrying out laboratory-scale 
treatments of alkali wastes from the 
Sherrill plant, it was the usual practice 
to add sodium hypochlorite (7.5 g. 
available chlorine per gram of cyanide) 
to the raw wastes without a preliminary 
adjustment of the pH, since the data 
indicated that the pH was usually be- 
tween 8 and 11, a range in which cya- 
nide oxidation is complete within a 
short time. The rate of cyanate oxida- 
tion, on the other hand, was known to 
be very slow at pH 11, to require sev- 
eral hours for completion at pH 8.5, 
but to be quite rapid at pH 6.5. Pro- 
vision was made in the treatment 
method for taking advantage of this 
effect of pH on the rate of cyanate 
oxidation. 

Two methods were used in typical 
laboratory-scale treatments of the 
alkali wastes. Method No. 1 involved 
the following steps: 


1. Addition of sodium hypochlorite. 

2. Agitation for 10 min. to allow 
time for oxidation of cyanide to eya- 
nate. 

3. Addition of ferrie chloride solu- 
tion to pH 6.5. 

4. Agitation for 10 min. to allow 
time for oxidation of cyanate. 

5. Addition of ferric chloride solu- 
tion to a total of 200 p.p.m. Fe. 

6. Skimming. 

7. Addition of lime slurry to pH 8. 

8. Settling of floe. 

9. Decanting. 


Method No. 2 was the same except that 
in place of the ferric chloride solution 
acid wastes were substituted in Step 3 
for pH adjustment to 6.5, and in Step 
5 to a total of one volume of acid wastes 
to two volumes of alkali wastes. It 
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Total CN 


p.p.m 


Treatment 
Method 


Raw waste 


Supernatant 


Acid wastes 


Coagulation by ferric salt. 


will be noted that a high dosage of 
coagulating agents was indicated in 
these experiments. Later work showed 
that ferric chloride dosages as low as 
60 p.p.m. Fe were satisfactory and that 
clarification could ordinarily be aecom- 
plished by the use of one volume of 
acid wastes to four volumes of alkali 
wastes, the ratio in which these wastes 
were produced in the plant. 

The results (Table VI) indicated 
satisfactory reductions in the cyanide 
concentrations of the wastes. Heavy 
metals removal was quite satisfactory 
when ferric chloride was used as the 
coagulating agent, but not when acid 
wastes were used. However, simple fil- 
tration of the effluent was found to re- 
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| Sludge 
Volume 
(%) 


Ni } Zn 
p.p.in.) (p.p.m.) 


0.1 
0.0 
0.8 
13 


duce the concentrations of the heavy 
metals to acceptable values. It was 
thus suggested that sand filters might 
be necessary in the waste disposal plant 
if acid wastes were to be used to supply 
the floe for clarifying alkali wastes. 
As a matter of fact, sand filters were 
regarded as excellent insurance against 
excessive carry-over of heavy metal 
flocs into Seonondoa Creek. 

The proposed method for treating 
the alkali wastes was thus shown to be 
satisfactory in regard to removal of 
cvanides and heavy metals. It was fur- 
ther observed that the process resulted 
in the conversion of the very dirty 
waste to a clear colorless liquid. It 
remained only to show that the cyanide 


TABLE VII.-Results of Oxidation of Cyanides in Alkali Wastes 


Raw 


Total CN lotal CN 
0.17 
0.08 
0.16 


' Theoretical chlorine consumption, 100.6 p.p.m. 


Concentration (p.p.an 


Filtrate 


| 
| Ammonium, Cyanate, CNO 


————| 
0.49 
0.27 
0.26 


oe TABLE VI.—Results of Laboratory Experiments on Treatment of Alkali Wastes 
4.2 0s | 4 
5.2 12 | | | 10 | 
5.4 25 18 | 8 | 
25 8 | 45 |; | 9 
4 10 16 | 
0.35 0.0 0.5 0.6 | 0.2 
0.3 0.0 | 0.1 00 | 07 
0.2 0.0 0.05 0.1 | | 
0.2 17 0.2 4.8 
0.0 1.5 10 |) (05 
. 0.0 2.3 09 | 2.4 — 
| — — | 46 
| 240 | 9 90 | 4.0 
Ls - | 240 9 90 5.0 
23000 | 15 90 5.0 

6.5 2.0 
2.7 
8.5 11.3 5 : 
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in the wastes was converted by the 
process into a harmless form. 
Experiments on the alkali wastes 
were performed to determine whether 
the cyanate was effectively removed 
and whether removal of cyanate was 
by oxidation or hydrolysis. In these 
experiments the oxidation was carried 
out at pH 8.2, at which the second 
stage of the oxidation is relatively 
slow, requiring about 2 hr. for 90 per 
cent completion. The time of exposure 
in these experiments was controlled at 
2 hr. The results (Table VII) indi- 
cated quite clearly that the cyanate 
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New or improved waste treatment facili- 
ties at 893 specific locations are needed to 
protect the water resources of the Missouri 
River drainage basin, according to a recent 
report by the U. S. Publie Health Service. 
The report, developed cooperatively by the 
USPHS Missouri Drainage Basin Office 
and the water pollution control agency of 
each of the ten Missouri basin states, lists 
specifie project requirements for communi- 
ties and industries now discharging un- 
treated or inadequately treated wastes 
into the Missouri and its tributaries. The 
cost to municipalities and industries of 
providing these needed improvements is 
estimated at $156,000,000. 

The report summarizes state-developed 
programs for the 14 sub-basins of the Mis- 
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was removed largely by oxidation, not 
by hydrolysis to ammonium ion. 

The alkali waste treatment process 
was further proved by application to 
some 50 laboratory batches and to pilot- 
plant batches as large as 27,000 gal. 
It was successful in all cases. 


Acid Wastes 


It is noted in the preceding section 
that the acid wastes would be treated 
with lime in the presence of the alkali 
wastes in order to provide a heavy- 
metals floe for clarification of the 


alkali wastes. 
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souri Basin. These programs have been 
approved by the Surgeon General as com- 
prising a comprehensive plan which meets 
the requirements of the Federal Water 
Pollution Control Act. Under the Act, the 
USPHS is required to prepare or adopt 
comprehensive pollution abatement pro- 
grams, in cooperation with other Federal 
agencies, state and interstate water pollu- 
tion control agencies, municipalities, and 
industries. The Missouri basin is the first 


major basin in the United States in which 
this has been done. 

Distribution of the report is being made 
by the state water pollution control agen- 
cies of the Missouri basin states and by the 
U. S. Public Health Service. 
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GRAVITY SEPARATION OF OIL * 


By H. F. ELKIN anp W. E. Sopen 


Sun Oil Co., Philadelphia, Pa. 


Considerable work has been done on 
sedimentation or flotation of suspended 
particles in liquids since Newton first 
stated his law of resistance in 1686. 
Several of the basic studies deal with 
sedimentation (2) (3) (4)(6)(7), but a 
few (1)(5)(8)(9) are entirely or pri- 
marily concerned with oil separation 
by flotation. 

The evolution of petroleum oil sepa- 
rator design is manifested in the vari- 
ous editions of the A.P.I. ‘‘Manual on 
Disposal of Refinery Wastes’’ (10) (11) 
(12)(13)(14). The most recent edi- 
tion (14) contains a new procedure for 
separator design based on industry- 
sponsored research work at the Uni- 
versity of Wisconsin (5). The main 
differences in design criteria from pre- 
vious recommendations include a change 
in oil globule diameter of 0.02 em. to 
0.015 em., use of a single-stage rather 
than a two-stage basin, increase in al- 
lowable mean horizontal velocity of 
flow from 2.5 to 3.0 ft. per minute, and 
a clearer definition of terms in the use 
of overflow rate in sizing the horizontal 
area. In addition, the arbitrary length 
eriterion of 1+ 1.4 was dropped in 
favor of a more precise turbulence and 
short-circuiting factor. 

The design of a single-section sepa- 
rator is based on the following three 
relationships. First. since oil removal 
is a function of overflow rate, or dis- 
charge divided by surface area, and 
if the rising velocity is equal to the 
overflow rate. the minimum horizontal 


* Presented at 25th Annual Conference, 
Pennsylvania Sewage and Industrial Wastes 
Assn.; State College, Pa.; Aug. 26-28, 1953. 


surface area can be expressed as 


A H>= F Qn 
Ve 
in which F represents the turbulence 
and short-circuiting factor, Q, is flow, 
and V; equals the rise rate of the 
0.015-em. oil globule (or theoretical 
overflow rate). 

Secondly, the minimum cross-sec- 
tional area is governed by a horizontal 
velocity of flow no greater than 15 
times the oil globule rise rate and not 
to exceed 3 ft. per minute. This rela- 
tion can be expressed as 


4, 
A= 7 - 

Finally, a minimum depth-to-width 
relationship of 0.3 has been estab- 
lished, or 

d : 

0.3 
in which d represents the effective liq- 
uid depth of the waste water and B 
represents the width of the separator. 
The recommendations allow  depth- 
width ratios up to 0.5 if this results in 
a more economical section. It will be 
noted that this latest design revision 
has eliminated use of Reynolds num- 
ber in determining the minimum allow- 
able wetted perimeter of the separator 
section. 

A suggested general arranzement of 
the new single-section design is shown 
on Figure 1. Several basic simplifica- 
tions from previous designs, in ad- 
dition to the reduction from two stages 
to a single chamber, are noted. The 
intrieate reverse-flow free-all weir has 
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COVER 
DISTRIBUTION 
(F DESIRED) 


SLOP PUMP_ 


FLIGHT SCRAPER 


CHAIN SPROCKET PLAN VIEW 


OlL RETENTION BAFFLE —, 


OIL RETENTION BAFFLE 


VERTICAL BAFFLE“ 


SECTION VIEW 


ROTARY OlL SKIMMER 


FIGURE 1.—Recommended design (14) for typical oil-water separator. 


been replaced by vertical slotted 
baffles with 14-in. or wider orifices. 
The distribution chamber has been en- 
larged to introduce flow with a mini- 
mum of turbulence and to reduce the 
high flow velocities in the incoming 
sewer. The former elliptical oil reten- 
tion baffle at the effluent end of the 
separator has been replaced with a 
simple vertical (or slightly inclined) 
bafflle. Due to the use of a single 
chamber, only one continuous flight 
scraper and oil skimmer pipe is re- 
quired, compared with the two scrapers 
and skimming pipes in the former two- 
chamber design. 


Marcus Hook Refinery Tests 


It is suggested in the latest edition 
of the A.P.I. Manual (14) that exist- 
ing separators can be modified by alter- 
ing over-all dimensions, removing 
intermediate baffles, and generally 
attempting to approach the current de- 
sign recommendations. Sun Oil Com- 
pany is converting two two-stage sepa- 
rators at its Marcus Hook, Pa., refinery 
into two single-stage units. It is be- 
lieved that this modification will in- 
crease the capacity of these units and, 
in addition, result in improved oil re- 
moval efficiency. The conversion to the 


single-stage unit consists of removing 
the concrete baffle walls between the 
primary and secondary chambers and 
the two reverse-flow free-fall weirs or 
‘*bathtubs’’ in each separator. Verti- 
cal pipe inlet distribution baffles with 
32 5/16-in. vertical slots are being in- 
stalled in the front end of each sepa- 
"ator. 

Since the separators are being con- 
verted one at a time, an opportunity 
was presented of comparing the oil 
removal efficiencies of the single-stage 
with the two-stage unit operating in 
parallel when the first separator con- 
version was completed. A series of 
field tests was arranged, therefore, to 
operate the separators at various con- 
trolled flow rates with a sampling and 
testing procedure as described later. 
Figure 2 shows plan and section views 
of the two separators during the test 
period when one of the separators had 
been converted into a single-stage unit. 

The field tests were carried out on 
successive days, when the two sepa- 
rators were operated in parallel at 
horizontal velocities of 0.5, 1.0, 2.0 and 
3.0 ft. per minute for periods of 5 to 
8 hr., and sampled for oil contents si- 
multaneously. Since the normal dry- 
weather flow in the separators produces 
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FIGURE 2.—Plan and sections of single-stage and two-stage A.P.I. separators during 
test periods. 


a velocity of only 0.25 ft. per minute, 
it was necessary to add oil-free dilution 
water from the refinery fire and cool- 
ing water systems to achieve the desired 
test velocities. During each velocity 
run, a series of spot samples was taken 
for total oil and S.T.S. (Susceptible 
to Separation) (15, p. 290) oil content 
at the front end of both separators; 
and for total oil, as determined by the 
Sun semi-micro method, at the effluent 
weir. The data are given in Table 1, 
including the calculated efficiency of 
oil removal and the percentage im- 
provement in total effluent oil content 
of the single-stage over the two-stage 
section. 

Although comparison tests of longer 
duration would have been desirable, 
the results obtained indicated certain 


veneral conclusions: First, the single- 
stage separator produced an effluent 
slightly lower in oil content than the 
two-stage unit at horizontal velocities 
of 1.0 ft. per minute and above. Sec- 
ondly, both the two-stage and the 
single-stage separators performed effi- 
ciently at all velocities. The two-stage 
unit had slightly higher efficiencies at 
the low horizontal velocities of 0.5 and 
1.0 ft. per minute, whereas the single- 
stage separator had slightly higher 
values at the increased velocities of 
2.0 and 3.0 ft. per minute. 

The advantages of the newly-recom- 
mended single-stage separator over the 
older two-stage design are as follows: 

1. Economy of construction due to 
reduced requirements for internal steel 
and concrete walls, baffles, and weirs. 
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. Lower loss of head through in- 
ternal separator equipment. The older 
two-stage design generally called for 
a head loss of 3 inches through each re- 
verse-flow weir, or a total internal loss 
of 6 in. The single-stage separator can 
be designed with a total internal head 
loss of approximately 1 in. through the 
vertical inlet baffles. 

3. Ease of cleaning the single-stage 
unit due to absence of internal baffles 
and division walls as in the two-stage 
separator. 

4. The single-stage unit shows possi- 
bilities of increased oil removal effi- 
ciencies. More actual field experience 
by refiners will be required to sub- 
stantiate the pilot-scale results achieved 
in Rohlich’s work (5). 


Gravity Separator Efficiency and Aids 
to Gravity Separation 


As illustrated by the foregoing effi- 
cieney tests, a properly designed and 
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operated oil-water gravity-type sepa- 
rator will perform effectively as long 
as the influent water meets certain con- 
ditions. Giles et al. (15) have listed 
the substances whose presence in a 
separator influent will limit its effee- 
tiveness as follows: (a) oil or solids 
having specifie gravities approximately 
equal to that of water, (b) emulsions 
of oil-in-water not readily separable 
by gravity means, and (¢) unusually 
large quantities of suspended solids. 
Methods of controlling the substances 
that interfere with gravity separation, 
and at the same time handling other 
pollutants in the refinery, have been 
summarized by Weston (16) as: 


1. Engineering and process design 
considerations. 

2. Recovery and utilization. 

3. Local treatment. 

4. Good housekeeping. 


5). Effluent treatment 


| Oil Content (p.p.m 
| 


Total S.T8.! Total 
(a) 0.5 Fr. per Minute 
| | | | 
Single-stage | l | 196 80 30 143.2 
2 | 67 41 17 76.8 
3 | 106 57 10 134.7 
| Av. 123 54 39 118.3 0 
Two-stage | 220 17 36 106.3 
2 85 } 47 3 134.3 
3 113 59 16 124.2 
Av. | 138 51 39 121.7 
(b) 1.0 Fr. 
Single-stage l 6,048 42 38 100.0 
2 451 | 83 44 110.6 
3 138 3l 16 86.1 
| 4 107 | 43 32 117.2 
Av. 1,683 50 40 103.2 13 
Two-stage 1 13933 | 49 | 58 | 993 
| 3 335 | 82 48 113.2 
3 106 44 40 | 106.5 | 
| 4 81 39 | 37 104.600 | 
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TABLE I.—Continued 


Oil Content 


Intl 
TS. 


p.p.m.) 


Efficiency 


2.0 Fr. per MINUTE 


Single-stage 


1+ 


Two-stage 


Single-stage 


Two-stage 


Minutes 


Susceptible to separation as defined by Giles et al. (15, p. 290) 
Influent total — Effluent total 


a¢ Efficiency 


Influent total — Influent S.T.S 


x 100 


’ Per cent improvement of single-stage over two-stage efHuent total oil content. 
‘ Not run in parallel, but in successive test periods. 


All of these pollution abatement con- 
siderations are familiar, at least in 
principle, to the average refiner. Per- 
haps the oldest-known although most 
recently-applied approach lies under 
the heading of engineering and process 
considerations. An old refinery, with 
an existing sewer system, presents a 
difficult problem in waste control, gen- 
erally due to inadequate capacities and 
lack of segregation of wastes. It may 
not be economically feasible or physi- 
cally possible to completely redesign 
the drainage system of an existing 
plant, although many comparatively 
simple alterations (such as excluding 
certain oil-free storm and cooling wa- 


ters) may be effected, thereby reducing 
the load on oil-water separators. Be- 
cause of the lack of segregation of 
wastes and the resulting presence of 
interfering substances in the combined 
wastes-water flow to gravity-type sepa- 
rators, the burden of improvement to 
waste-water quality in an old refinery 
falls on costly and difficult effluent 
treatment. 

Construction of a new refinery, or a 
new plant in an existing refinery, pre- 
sents an opportunity for the design and 
installation of a sewer system that will 
effectively segregate and collect wastes 
according to their characteristics. <A 
system of classification of sewer sys- 


Total | Potal 

654 | 39 72 94.7 | 
673 36 71 94.6 
| 355 36 64 
a | 185 32 46 | 91.3 

Bish é 533 39 69 93.3 14 

1,184 80 96 98.5 

Ain 906 33 82 94.3 : 
453 10 80 90.3 

Bi. 282 33 87 78.4 
a 236 34 53 90.6 
612 14 90.5 

180 39 | 19 | 13.8 
Rie 2 65 16 21 | 89.8 

3 | 67 34 32 | 107.2 | 
4 48 30 34 77.8 
in Av. | 90 30 27 97.3 23 

1 288 25 37 95.3 
at 2 58 22 32 72.2 

oa 3 16 28 30 88.8 

ee 4 65 17 43 122.2 : 
Ay 114 31 35 94.8 

| 
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tems and waste waters in a new re- 
finery as recommended in the A.P.I. 
Manual (14) is shown in Figure 3. The 
various collecting systems are as fol- 
lows: 


1. Contaminated Storm-Water Sewer 
System. The contaminated storm-wa- 
ter sewer system collects surface water 
. from refinery drainage areas, such as 
processing and tankage areas, which 
normally contact oil, and conveys it 
to the storm-water separator. This 
water normally contains varying quan- 
tities of separable oil, but little or no 
emulsified oil and chemical contami- 
nants. Peak separator loads may be 
reduced by controlling the run-off of 
diked areas or by providing surge vol- 
ume (an impounding basin). 

2. Contaminated Cooling-Water Sew- 
er System. Once-through cooling wa- 
ter from condensers and coolers—when 
the oil being processed is a condensi- 
ble product which will not vaporize 
rapidly on exposure to the atmosphere 
(C,’s and heavier)—is sewered to the 
contaminated cooling-water separator. 
This water will normally be free of oil 
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except in the event of leakage through 
tubular equipment. 

3. Oil-Free By-Pass Sewer. The oil- 
free sewer collects waste waters which 
never have contact with any oil, and 
by-passes them around the separators 
to the refinery effluent water sewer. 
This drainage system includes uncon- 
taminated storm water, cooling water 
not subject to oil contact, water treat- 
ment plant wastes, roof drainage, and 
once-through cooling water from con- 
densers and coolers handling gaseous 
products (C,’s and lighter). 

4. Sanitary Sewer System. Un- 
treated sanitary sewage should be ex- 
cluded from waste-water separators be- 
cause its presence is likely to interfere 
with sedimentation and separator effec- 
tiveness. The sanitary sewer system 
collects raw sanitary wastes and con- 
veys them to municipal sewers or to 
treatment facilities within the refinery. 

5. Process-Water Sewer System. The 
process-water sewer system collects all 
waste waters which come in direct and 
continuous contact with oil and which 
are subject to emulsified oil content. 
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FIGURE 3.—Flow diagram for the segregation and treatment of refinery waste waters. 
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July, 1954 


LEGEND 
SEPARATOR EFFLUENT — PROCESS 
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FROM COOLING WATER 


— — — SEPARATOR EFFLUENT — COMBINED 
WASTES 


JAN 
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1952 


FIGURE 4.—Comparison of gravity separator effluents when operating on combined 
wastes and segregated wastes at the Marcus Hook refinery, 1952. 


Chemical wastes may be included in 
this collecting system. A gravity sepa- 
rator is provided for primary treat- 
ment of these wastes and may be 
followed by subsequent treatment if 
required. Following gravity separa- 
tion, emulsified oil may be removed by 
chemical coagulation, and chemical 
wastes with excessive oxygen demands 
may be treated by biological oxidation. 
These waters include drawoffs from 
accumulators and knock-out drums, 


condensate from steam-stripping op- 
erations, desalting waste water, pump- 


gland leakage 
barometric 


and cooling water, 
condenser waters contain- 
ing emulsions, cooling tower blowdown, 
and any other sources known to con- 
tain emulsified oil. 

Proper low solids 
process water from high-dissolved sol- 


ids process water will permit re-use of 


segregation of 


low dissolved solids process water as 
cooling tower make-up. This will lower 
the oxygen demand of such waste wa- 
ters and reduce the total volume of 
waste water leaving the plant. 


6. Special Systems. Special collect- 
ing systems may also be provided for 
specific wastes, such as ship ballast 
water and spent chemical wastes. Such 
a segregated sewer system has the ad- 
vantages of (a) reducing gravity sepa- 
rator requirements by by-passing oil- 
free waters; (b) improving separator 
effluent quality, by eliminating emulsi- 
fied oil-bearing wastes from the main 
drainage system; and (c) reducing sec- 
ondary treatment requirements, if re- 
quired, by restricting all emulsified oil- 
and chemical-bearing waste waters to 
the relatively small process-water 
drainage system. 


Two separate areas in Sun Oil Com- 
pany’s Marcus Ilook refinery offer an 
interesting comparison between an old 
plant served by a combined sewer sys- 
tem and a newer plant drained by a 
segregated sewer system. All contami- 
nated storm, cooling, and process waste 
water (approximately 2,000 cu. ft. per 
minute) from the older plant is carried 
by a single trunk sewer to six parallel 
separator sections, each having a mean 
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horizontal velocity of approximately 
2.0 ft. per minute. The newer plant 
has a sewer for approximately 3,000 cu. 
ft. per minute of cooling water, which 
passes through six parallel separator 
sections at a velocity of approximately 
5.1 ft. per minute, and a separate sewer 
for a storm and process waste-water 
maximum flow of 450 cu. ft. per minute 
handled in two parallel separator sec- 
tions at a velocity of 1.4 ft. per minute. 
The older plant contains crude units, 
a catalytic cracking unit, lubricating 
oil, vacuum tower, and gasoline treat- 
ing facilities. The new plant has a 
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PROGRESS REPORT ON 


Sedimentation studies on the fundamentals 
of settling of solids in tanks, using diatoma- 
ceous silica, have brought out the following: 


1. A longitudinal wall placed in a settling 
tank parallel to a side results in slightly 
higher removals. 

2. Decreasing the depth in a settling tank 
by one-half results in a very significant in- 
crease in the removal of solids for identical 
detention times. 

3. Decreasing the depth of a settling tank 
by one-half results in practically no reduction 
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catalytic cracking unit. an alkylation 
unit, and a gas plant. As shown in 
Figure 4, the separator effluent oil con- 
tents from the combined waste of the 
old plant run consistently higher (1952 
yearly average 29 p.p.m.) than the 
separator effluent oil contents from the 
segregated drainage system of the new 
plant (1952 yearly average 4 p.p.m.) 
Although it is difficult to make direct 
comparisons of the type because of 
variations in plant operations, flow 
rates, and separator characteristics, the 
trend toward improved effluent quality 
throuch waste segregation is evident. 
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of the percentage removal of sediment when 
compared on the basis of identical flow. 

4. Data collected on the experimental tank 
with a well-baffled influent substantiated 
Hazen’s theory that sediment removal is de- 
pendent on surface area and independent of 
tank depth. 


The studies, begun in June 1949, are being 
carried out under a grant from the National 
Institutes of Health by Professors D. E. 
Bloodgood and W. E. Howland of Purdue 
University. 
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MICROBIOLOGICAL STUDIES ON THE TREATMENT 
OF PETROLEUM REFINERY PHENOLIC WASTES * 


By Waupron D. Suerets, M. K. Hampy, ann H. H. 


Respectively, Research Engineer, Waste Treatment Laboratory; Post-Doctoral Fellow, 
Department of Bacteriology; and Professor, Department of Bacteriology, 
Ohio State University, Columbus, Ohio 


The project described herein was in- 
itiated late in 1951 by the Standard 
Oil Company of Ohio, which operates 
four refineries in Ohio, one each at To- 
ledo and Lima and two at Cleveland. 
Various steps had been taken by the 
company toward pollution abatement 
where means were available and stud- 
ies were being scheduled on wastes re- 
quiring special treatment, such as the 
phenolic condensate from the catalytic 
eracker. Analyses of samples of this 
liquor gave the following: 


Phenol 
Sulfides 


100— 400 p.p.m. 
2,000-5,000 p.p.m. 
Chlorides 200— 300 p.p.m. 
Ammonia 200— 500 p.p.m. 
Cyanides 20- 30 p.p.m. 
pH 8.5 


These values are subject to variation, 
phenols, for example, having been re- 
ported as high as 1,300 p.p.m. Vola- 
tile petroleum fractions are also pres- 
ent in varying quantities. 

The chief concern of the industry 
was to select an economical method for 
the reduction of the phenols to toler- 
able limits. 


Literature Survey 


Several methods for the treatment of 
phenolic wastes have been developed 
and are in use in many industries. 
Others have investigated but 
never applied on a commercial scale. 


been 


* Presented at 123rd Meeting, American 
Chemical Society; Los Angeles, Calif.; 
March, 1953. 
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In general the following summary can 
be made: 


1. Extraction. The majority of re- 
ports of work done in this field are 
contained in the German literature, 
where extensive work was done on the 
removal of phenols from waste waters 
obtained in gas works and coal carboni- 
zation plants. For the most part, work 
done in the United States has followed 
these same lines, with the majority of 
reported work being on the operation 
of plants in Germany. Methods for 
phenol removal from this type waste 
have been predominantly by extraction 
methods, as follows: 


(a) Solvent extraction—with benzol, 
light cils, tricresyl phosphate, and 
mixed organic esters. Regeneration of 
the extractive medium is accomplished 
by either distillation or caustic wash- 
ing. 

(b) Distillation—Extraction—Kop- 
pers’ Method for stream stripping phe- 
nols directly from the waste liquor. 


In practically all eases the liquor has 
a fairly high phenol concentration 
(around 3 g. per liter). About 95 per 
cent recovery is obtained by these 
methods and the final clean-up is done 
usually by some type of biological 
filter. Final removal also can be ac- 
complished by adsorption with active 
carbon, although several plants have 
reported rapid fouling, due to resinous 
or tarry materials present in the waste. 
All literature reports indicate that 
extraction methods are useful only for 
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fairly concentrated wastes and some 
other process must take over in the 
low ranges. For refinery purposes ex- 
traction would appear promising only 
for concentrated waste waters, with 
final lowering perhaps possible by di- 
lution with other waste waters free of 
phenols. 

2. Adsorption. Active carbon, for 
taste and odor contro] in water treat- 
ment, has been the most widely used 
adsorbent and as far as commercial in- 
stallations are concerned is the only 
one reported. In water treatment the 
charcoal is added prior to sedimenta- 
tion and is removed as sediment. Sev- 
eral instances are noted where charcoal 
is used for cleaning up gas plant wastes 
after extraction, with regeneration of 
the charcoal being accomplished by 
steam or benzene. 

Other adsorbents listed in the litera- 
ture are norites, coal ash, and galena. 
One plant employs powdered coal as 
an adsorbent followed by froth flota- 
tion for separation of the coal-phenol, 
the coal being used for normal boiler 
requirements. A patent lists the use 
of ion exchange resins (1), but no ref- 
erences were noted in the literature to 
its actual use. 

3. Miscellaneous. Phenols can be re- 
moved by electrolysis, precipitation, in- 
organic acids, catalytic oxidation, and 
other methods. 

4. Biological treatment. This method 
seems to have great appeal, the Dow 
Chemical Co., of Midland, Mich., hav- 
ing constructed a full-scale plant 
utilizing trickling filters (6)(10). The 
Gary Sanitary District and the U. S. 
Steel Corporation made some studies 
at Gary, Ind., utilizing the municipal 
activated sludge treatment plant (8). 
The Gary studies gave a summation of 
data of particular interest. The fol- 
lowing tabulation abstracted from that 
report represents the monthly average 
values for phenolie content of the un- 
treated and treated liquors. 
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Phenol (lb.) 


Raw Final 
Month Sewage Effluent 

October 
November 341 0.31 
December 432 0.59 
January 694 0.75 
February 836 0.52 
March 914 0.26 
April 1,578 0.31 


In general, the literature does not 
reveal any biological data, or why bio- 
logical processes can effectively reduce 
phenols. With reference to the Gary 
data as tabulated, it will be noted that 
the pounds of phenol remaining in the 
final effluent indicate that some change 
took place in the biological balance 
during the studies. If these values 
are plotted as a curve, pounds versus 
time, the curve first rises and then 
falls for the latter half of the test 
period, even though the phenolic con- 
tent of the raw sewage increased ap- 
proximately five times over the same 
period. This indicates that the micro- 
organisms responsible for the destruc- 
tion of phenol either increased or 
adapted themselves to better utiliza- 
tion of the phenol. The same data 
initiated the assumption that oxida- 
tion of phenol by the use of air alone 
was not entirely responsible for the 
loss of phenol in the process. 

If these statements are true then 
why wouldn’t a study of the respon- 
sible organisms be appropriate? If 
sufficient data could be acquired per- 
haps a betterment of the environmental 
conditions would increase the efficiency 
of the process. Investigation of the 
bacterial growths and their action was 
thus indicated. 


Procedure and Methods 


To study the bacterial action a small 
pilot plant was constructed in which 
typical growths were to be developed. 
This plant (Figure 1) consisted of a 
feeding system and a trickling filter 
followed by a small settling tank. The 
filter bed was prepared of 214- to 4-in. 
limestone. 
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FIGURE 1.—Trickling filter pilot plant, showing weir boxes and solution feeder (top 
left), trickling filter (center), electric safety devices and pump speed regulators (center), 
and settling tank (lower right) with immersion heaters. 


To provide the flow necessary to 
drive the distributor, treated waste liq- 
uor was recirculated ; the applied liquor 
consisted of three to four parts of re- 
circulated liquor to one part of settled 
domestic sewage, the sewage providing 
a natural seeding microflora for the 


filter bed. The final adjusted flow had 
a volume of 1.0 to 1.3 1. per minute. 

Continuous operation of the unit be- 
gan in June, 1952, and it has been in 
full operation since that time except 
for a few interruptions necessary for 
maintenance. 

Bacteriological studies were begun as 
soon as the growths (Figure 2) of the 
organisms developed on the filter stone. 
A few Psychoda were observed. Drums 
of the phenolic condensate were shipped 
from Lima, Ohio, at regular intervals 
and this liquor was added to give ap- 


proximately 25 p.p.m. of phenol in the 
filter feed. 

The high sulfides were an immediate 
concern, but nothing unusual happened. 
The only noticeable effects were a white 
coating on the filter stone, a large ac- 
cumulation of sludge present in the 
effluent, and a milky appearance in the 
filter effluent due to colloidal sulfur. 
The pH of the liquor was found to re- 
main at 8.2 to 8.5 at all times. 

To treat the condensate before its 
discharge, the Standard Oil Company 
had constructed an experimental 
steam-stripper, which was successful in 
removing sulfides and also removed a 
part of the phenols. The concentra- 
tion of the latter thus became too low 
to apply to the pilot trickling filter in 
the concentrations desired and a syn- 
thetic phenol solution was therefore 
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substituted and used throughout the 
high-temperature studies. This syn- 
thetic solution was made of U.S.P. 
phenol and hydrant water. 


Chemical Studies 


1. Biochemical Oxygen Demand. 
The standard Winkler dissolved oxy- 
gen test, as applied to B.O.D. determi- 
nations, was used in the preliminary 
stages, but only a few analyses were 
tried before it was discovered that the 
sewage and phenolic condensate mix- 
ture had a high and rapid iodine de- 
mand. Previous experience under simi- 
lar conditions (11) recommended 
elimination of further B.O.D. determi- 
nations. 

2. Oxygen Consumed. To obtain re- 
ductions in the strength of the waste 
without the use of the B.O.D. test, 
the dichromate method of determining 
oxygen consumed (9) was used. This 
has given satisfactory and consistent 
results. 


3. Phenols. For phenols, two meth- 
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ods were used, the p-nitrosodimethyl- 
analine and the 4-aminoantipyrene. 

The former was recently developed 
by Hill (7) and has had little chance 
for use by other investigators. The 
latter method was used by Dannis (4) 
and will appear in the new edition of 
Standard Methods (12). It was also 
adopted recently by A.P.I. to take the 
place of the Gibbs method. 

Soth of the foregoing methods are 
basically similar in that the Gibbs dis- 
tillation procedure is used to eliminate 
interference from such substances as 
sulfides, strong oxidants or reductants, 
acids and alkalis, and some non-phe- 
nolic aromatic compounds. Both meth- 
ods also use an extraction procedure 
for increasing the sensitivity in use 
on phenol concentrations down to 5 
p-p.b. 

The p-nitrosodimethylanaline method 
was used for the major portion of the 
studies. In the latter part of the work 
this method compared favorably with 
the 4-aminoantipyrene method. Analy- 
ses by either of these two methods, 


FIGURE 2.—Filter stone, showing growth on stone and on microscope slides. 
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however, should be made carefully by 
the analyst; it was definitely deter- 
mined that experience is one of the 
prerequisites of both methods. 


Bacteriological Studies 


Glass microscope slides were placed 
on the stone at several points and 
after seven days were removed. The 
growth was washed from a slide with 
distilled water and used to inoculate 
tryptone-glucose agar medium. The 
¢rowth on the glass slide was similar 
to those on the filter stone and the slide, 
having a fixed area, assisted in making 
comparative counts. The tryptone-glu- 
cose agar medium served as the initial 
step in the isolation and partial identi- 
fication of the different varieties of 
bacteria. Standard bacteriological pro- 
cedures were followed in all cases. 

After the initial conditioning of the 
filter, and in the absence of phenol, 
26 varieties of aerobic bacteria and 8 
varieties of anaerobic bacteria were 
isolated from the growths developed on 
the filter stone. All of the anaerobic 
varieties were found to be facultative. 

No attempt was made to identify the 
higher forms of life and the bacteria 
normally associated with the filter bed. 
However, a detailed study was made 
on the phenol-resistant organisms and 
their ability to utilize phenol in vary- 
ing concentrations. 

It was noted that phenol concentra- 
tions up to 200 p.p.m. were tolerated 
by large numbers of the organisms 
mentioned. Increasing the concentra- 
tion of phenol on the filter caused a 
marked decrease in the total count of 
microorganisms ; however, the count in- 
ereased as the organisms selectively de- 
veloped tolerance for phenol. 

To determine the maximum toler- 
ance, mixed cultures from the filter 
were transferred to tubes containing 
phenol-litmus milk medium. The stud- 
ies were made under both aerobie and 


anaerobic conditions, the latter econdi-: 


tion being obtained by applying a seal- 
ing layer of agar over the inoculated 
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medium to secure anaerobiosis. Phe- 
nolic condensate was originally used, 
but due to the difficulty of obtaining 
the exact concentrations desired, a 
standard solution of U.S.P. phenol was 
substituted and used for the medium 
preparation. 

At a concentration of about 900 
p.p.m. there were three unidentified 
organisms able to tolerate this concen- 
tration of phenol; namely a Bacterium, 
a Streptococcus, and a spore-forming 
Bacillus. It should be stated here that 
the same three organisms were the only 
survivors on the filter media, although 
subjected to phenol concentrations of 
approximately 400 p.p.m. with longer 
contact periods. 

Growths under aerobic conditions 
were not evident at a concentration of 
3,700 p.p.m., as indicated by the color 
of the litmus milk medium when com- 
pared with a sterile control tube. Bac- 
terial growth was observed by acid pro- 
duction and gas formation, the former 
changing the color of the litmus from 
an original blue to red. 

Under anaerobic conditions the 
growth continued to a concentration of 
4,800 p.p.m. The phenol content re- 
ported represented free phenol uncom- 
bined with the casein of the milk. This 
was verified experimentally when phe- 
nol was completely recovered from the 
control tubes. 

Berger and Wyss (2) reported 
Micrococcus pyogenes var. aureus de- 
veloped resistance to the bacteriostatic 
action of phenol up to the range of 
2,000 to 3,000 p.p.m. Ergrova (5) re- 
ported a Bacillus thermophenolicus 
whose growth decreased at a phenol 
concentration of 3,000 p.p.m. and it was 
this latter reference which induced the 
trend of the present studies to the 
thermophilic range. 

In January 1953 a series of bottle 
tests was devised to determine the 
ability of the bacteria to reduce phe- 
nol in a standard phenol solution at 
various temperatures and paralleling 
the pilot-plant operation. Standard 
dilution bottles were used, a settled 
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sewage and phenol mixture of 200 
p.p.m. phenol concentration forming 
the culture medium. Each bottle was 
inoculated with 1 ml. of a solution, ob- 
tained by washing glass slides, which 
had been subjected to about seven days 
of exposure on the surface of the filter, 
containing the microorganisms growing 
under the current filter conditions. 
Each set of bottles included one con- 
trol and three inoculated samples, the 
latter to be incubated at 20°, 37°, and 
54° C., respectively, the control being 
incubated at each temperature in suc- 
cession. At 24-hr. intervals, 10 ml. of 
liquid was taken from each bottle and 
analyzed for phenolic content. 

Within a short period of time these 
experiments produced some interesting 
results. The control showed some vari- 
ation, probably due to errors in the 
analysis, but no appreciable loss. The 
bottles incubated at 20° C. indicated 
a reduction of no more than 10 to 15 
per cent phenol in 48 hr. The bottles 
incubated at 37° C. indicated a reduc- 
tion of 100 per cent in 60 hr. and the 
bottles incubated at 54° C. gave a re- 
duction of 100 per cent in 48 hr. 

Repetition of these experiments indi- 
cated that the time of microbial de- 
velopment on the filter stone was im- 
portant, as the destruction of phenol 
gradually increased in the 54° C. group 
until the 387° C. group were paralleled 
and finally surpassed in performance. 

Pure cultures of the three phenol- 
resistant bacteria were isolated and it 
was found that the unidentified Bac- 
terium was the form exhibiting the 
most predominant growth on the filter 
and that it was responsible for the de- 
struction of the greater portion of the 
phenol, although the other two organ- 
isms present no doubt played an im- 
portant role in the phenol reduction. 

An attempt to complete the identifi- 
cation of these three organisms is under 
way. Through induced selection and, 
or mutation these organisms have lost 
many of their original physiological 
characteristics, which makes them very 
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difficult to identify according to Bergy 
(3). With reference to the short rod, 
it has been classified as of the genus 
Pseudomonas, whereas the long rod and 
the coccus have been conclusively de- 
termined to belong to the genus Ba- 
cillus and Micrococcus, respectively. 


Discussion 


The pilot plant was not a scale model 
and the filter was no more than 12 in. 
deep. In the final stages of operation, 
however, the growth on the stone was 
so heavy that only the surface was 
being used, with ponding taking place 
over the entire area. From observa- 
tions of the filter operation at this pe- 
riod it is assumed that a filter no more 
than 12 in. in depth would be required 
in a larger installation. The three or- 
ganisms described were wholly respon- 
sible, no other organisms or higher 
forms of life being evident. 

The reduction of phenol in a single 
pass was found to be from 23 to 28 
per cent when operating at 52° to 54° 
C. The reduction of oxygen consumed 
at the same time was found to be from 
35 to 45 per cent. Tentative loading 
of the filter has been caleulated as 1 Ib. 
of phenol per square yard of filter 
area per day. A recirculation ratio of 
4 to 1 is advisable. 

Coe (13), working on bench-seale 
biological oxidation of refinery wastes 
with activated sludge, reported that the 
treated product of the wastes was usu- 
ally light yellow (similar to the color 
noted in these studies during phenol 
oxidation), which disappeared after 
14 hr. of complete phenol destruction. 
This color was found dependent upon 
pH, since it disappeared upon addition 
of acid and reappeared upon the addi- 
tion of sodium bicarbonate. It can be 
stated that this yellow compound seems 
to be an intermediate in the oxidation 
mechanism of phenol. 

Coe (13) also stated that the rate of 
growth of the floe was low, which 
seemed to be comparable to growth be- 
havior observed in the present investi- 
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vation, but which was controlled by 
temperature regulation as shown by the 
increase in growth on the filter at the 
higher temperature used. 


Conclusions 


1. Biological treatment of wastes for 
the reduction of phenol can be accom- 
plished with increased efficiency by the 
use of temperatures in the thermophilic 
range, 52° to 54° C. 

2. Three principal microorganisms 
were found to be present; these phenol- 
resistant 
for the destruction of phenol. 


organisms were responsible 
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3. The initial seeding of the filter 
requires sewage, but after the filter 
erowth has developed some resistance 
to phenol, the addition of domestic 
sewage should be eliminated. 
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INDUSTRY REPRESENTATIVE ON POLLUTION 
ADVISORY BOARD 


Thomas J. Powers, supervisor of waste 
disposal for the Dow Chemical Company, 
has been appointed by President Hisen- 
hower as industry representative on the 
water pollution control advisory board of 
the U. §S. Public Health Service. The 
Board serves in an advisory capacity to the 


Surgeon-General on policies and programs 
of the Publie Health 
Pollution Control Act. 

Mr. Powers will replace L. A. Danse of 
General Motors, who has served on the 


Service under the 


advisory board since 1949. 
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RADIOACTIVE CONTAMINATED LAUNDRY WASTE 
AND ITS TREATMENT 


II. Treatment by Continuous Flow Over Slimes 


By Earnest F. GLOYNA 


Associate Professor of Civil Engineering, University of Texas, Austin, Tex. 


In planning a program for the treat- 
ment of laundry waste, it is necessary 
to regulate the materials used in the 
decontamination of fabric so that the 
subsequent waste water may likewise 
be successfully decontaminated. Good 
results in the decontamination of cloth- 
ing depend largely upon the selection 
of chemicals used to remove the radio- 
active particulate matter. The selec- 
tion of cleansing agents, therefore, 
must not jeopardize the effluent con- 
trol program. Accordingly, the ideal 
cleansing agent is one which satisfac- 
torily removes unstable trace elements 
and at the same time aids the biologi- 
cal treatment of liquid wastes. Condi- 
tions must be favorable for biological 
floc or slime formation, because slime 
films in biological treatment units not 
only have the ability to oxidize organie 
matter directly and to absorb organie 
matter into settleable sludges, but also 
may assimilate some of the radioactive 
elements. 

To establish a criterion for radio- 
active-contaminated laundry waste 
treatment, experimental evidence was 
This criterion might also be 
used in the selection of detergents for 
laundering. Experiments were de- 
signed, therefore, in such a way that 
a screening survey of the major con- 
taminants could be obtained prior to 
setting up basic laboratory slime in- 
vestigations. Following these explora- 
tory experiments (5), which were in- 
itiated with the growing of organisms 
suspended in agitated solutions, sur- 
face slimes were grown to investigate 
the treatability of radioactve-contami- 


necessary. 


nated, synthetic laundry wastes. These 
realistic laboratory techniques utilized 
rotating tubes. After data were ob- 
tained from the rotary-tube slimes, cor- 
relation experiments were performed 
with a small, laboratory-type trickling 
filter to show the similarity between 
rotating tubes and orthodox trickling 
filters. 

The constituents of synthetic laun- 
dry waste preparations affected the 
growth and viability of slimes in sev- 
eral different ways. Some of the syn- 
thetic laundry materials were utilized 
and caused no serious inhibiting effects ; 
others were utilized but were toxic; 
whereas still another group was not 
utilized and had varying toxic effects 
on the organisms. For example, ci- 
trate (even at low pH values and high 
concentrations) was utilized to the 
same extent as synthetic nutrient or 
domestie sewage under equivalent con- 
ditions. On the other hand, Igepal 
(a detergent) and Versene (a chelating 
agent) were not attacked by organisms, 
but exhibited mild to serious slime- 
destroying tendencies. Two other de- 
tergents, Tide and Rinso, were attacked 
by organisms and inhibited the growth 
of biological slimes to varying degrees. 

Seven radioactive isotopes were like- 
wise added to various wastes; and the 
detention of these isotopes by biologi- 
cal slimes was studied with the use of 
tracer techniques. The radioactive iso- 
topes were: P*?, I'**, Sr®, Ce***, 
and Ru’®*, The isotopes P**, Ce'*, Sr*®, 
and I'** were partially detained in 
these slime tubes. 
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FIGURE 1.—Effect of time on feed solution. 


Special Techniques Developed 


Surface slimes were first grown un- 
der aerobic conditions, at constant tem- 
perature (28° 1°), and were sub- 
jected to a variety of synthetic waste 
preparations. Specific control of the 
waste was obtained by use of a syn- 
thetic nutrient which added about 225 
p.p.m. of B.O.D. to the laundry waste. 
The synthetic nutrient consisted of pep- 
tone, beef extract, urea, and inorganic 
salts. Synthetic nutrients and wastes 
were generally used throughout the 
experiments in order to eliminate the 
possibility of interference from foreign 
debris such as is commonly found in 
domestic sewage and regular laundry 
wastes. The silts and other foreign 
debris were objectionable because this 
investigation was primarily interested 
in the role played by trickling filter 
organisms. The fresh synthetic nu- 
trients and laundry wastes were seeded 
prior to treatment, thus producing in 
the treating unit a biological popula- 
tion with sufficient heterogeneity to 


adapt to varying environmental con- 
ditions. 

A fresh waste was prepared each 
day, and the sampling procedure con- 
sisted of taking one set of samples 
daily. The error produced by this 
method of sampling proved to be slight 

Figure 1). 

The primary method used in study- 
ing the utilization of synthetic nutri- 
ent, the utilization of laundry wastes, 
and the detention of radioactivity by 
slimes was a specially developed appa- 
ratus (1). The basie units, in which 
slimes were grown, consisted of six 
plastic, horizontal, rotating tubes. All 
six tubes were 2 ft. long, 2'4 in. out- 
side diameter, and 214 in. 
ameter. 


inside di- 
The tubes were mounted on a 
base, the slope of which was adjustable. 
The effluent was introduced at the rate 
of 7 1. per day, or 1 drop per second, 
and revolved down through the slime 
tubes to a collection point. A lip, con- 
sisting of a plastic attachment which 
was 14 in. wide and 14 in. thick, was 
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provided at the effluent end of the tube 
to prevent run-back of radioactive liq- 
uids. The small rotary tubes have the 
following advantages: 


1. Slimed areas were known. 

2. Biochemical oxidation efficiencies 
were readily controlled. 

3. Biochemical equilibria were ob- 
tained in a very short time. 

4. Relatively small amounts of con- 
taminated wastes were required. 

5. Slimes are formed and _ reach 
equilibrium in relatively short pe- 
riods of service. 


Actual operation of rotary tubes 
with synthetic nutrients revealed that 
a high degree of purification could be 
obtained in a relatively short time. 
Table I shows an average B.O.D. re- 
moval of 85 per cent with an average 
B.O.D. application of 258 p.p.m. A 
mathematical and experimental corre- 
lation showed that an application of 
7 |. per day of domestic sewage through 
the rotary tubes would be equivalent 
to a dosage rate of about 8 m.g.a.d. for 
a conventional trickling filter having a 
depth of 6 ft. and an average media 
size of 2 in. An important character- 
istic of rotating tubes utilizing the 
synthetic nutrient was that only seven 
days were required to reach equilib- 
rium. 
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The time required for passage of the 
liquid through the rotating tubes fol- 
lowed a typical frequency distribution 
pattern. A right-skewed distribution 
curve (Figure 2) occurred as the re- 
sult of plotting counts of I’ per min- 
ute per milliliter of effluent versus 
time. Zero time represents the time 
when a few drops of high count ['* 
were applied to the influent. The ob- 
served detention times for liquid pass- 
ing through a rotary tube containing 
a sewage-fed slime had a mode of 18 
min. and a mean of 57 min. 

A laboratory-type trickling filter was 
another device used in the slime-grow- 
ing experiments. This unit consisted 
of two 4-ft. plastic tubes with the same 
diameters as the rotary tubes. The 
two sections of the trickling filter were 
placed in a vertical position so that 
operation was in series with an inter- 
mediate air gap. A constant head and 
dripping arrangement supplied the in- 
fluent at a rate of 1 drop per second. 
The rock media used was rounded 
gravel, which had been carefully 
washed and screened so that it all 
passed a 0.525-in. screen opening and 
was detained on a 0.371-in. screen 
opening. The trickling filter attained 
a very high degree of purification, but 
required a long time to attain equilib- 


TABLE I.—Nutrient Utilization by Slimes 


B.O.D. NH.-N NO:-N NOi-N Total N 

Uni No. of 

Tests 

Appl. Rem. Infl. Eff. Infl. Eff. Inf. Eff. Inf. Eff. 
(p.p.m.) (%) (p.p.m.) | (p.p.m.) | (p.p.m.) | (p.p.m.) | (p.p.m.) | (p.p.m.) | (p.p.m.) | (p.p.m.) 
(a) Rorary TuBeEs 

No. 1 6 265 87 25.3 65.6 Neg. Neg. Neg. Neg. | 91.0 87.0 
No. 2 7 260 82 34.6 50.3 — —e —_ — 85.8 81.1 
No. 3 8 244 83 26.6 54.8 —_ | _— — _ 87.2 80.0 
No. 4 7 251 83 26.4 47.0 a we — 89.8 83.0 
No. 5 6 246 82 26.3 59.8 | 88.1 80.0 
No.6 | 8 | 245 | 83 | 28.0 | 59.0 | — | — | — | — | 883 | 814 


(b) TrickLinc FILrer 
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o----o Deep Trickling Filter 
e—— Rotary Tubes 


Counts Per Minute Per MI 


FIGURE 3.—Photomicrographs (x 950) showing Gram-negative organisms (left) 
grown in rotary slime tubes with a solution containing synthetic nutrient and 500 p.p.m. 
of citrate at pH 7.0, and (right) found in the activated sludge liquor of the Back River 
sewage treatment plant, Baltimore, Md. 
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rium. The average B.O.D. reduction 
attained with synthetic nutrient was 
92 per cent when the initial B.O.D. 
was 265 p.p.m. The major difficulty in 
trickling filter operation was that it 
required about 15 days or more to 
reach equilibrium. 

The flow-through time was also 
measured in the trickling filter with 
I'**. The mode and mean flow-through 
times (Figure 2) were 21 and 60 min., 
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respectively. It was a coincidence that 
the times corresponded closely to the 
values attained for the rotary tubes. 
Similar populations of organisms 
which were grown in these different 


experimenta] devices showed some like- 
ness to those found in sewage treat- 
ment plants. Evidence that organisms 
developed by the experimental units 
were indeed similar to those found in 
the regular sewage treatment plants is 


FIGURE 4.—Photomicrographs (x 950) 
showing Gram-negative rods grown (upper 
left) in rotary tubes with synthetic nu- 
trient at pH 7.0, (upper right) in laboratory- 
type trickling filter with synthetic nutrient 
at pH 7.0, and (lower left) in agitation 
flasks with synthetic nutrient and citrate 
at an initial pH of 7.0. 
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shown in Figures 3 and 4. Figure 5 
shows photomicrographs which record 
changes that occurred in the type of 
organism due to changing environ- 
mental conditions. The yeasts shown 
in Figure 5 developed to the same ex- 
tent in the different types of biological 
units, and the colors which they devel- 
oped were the same. In general, the 
typical coloring of the yeast group was 
either red or green, whereas the color- 
ing of the non-yveast slimes was dark 
brown for sewage, light brown for syn- 
thetic nutrients, and cream for 
thetic laundry wastes. 


syn- 


Experimental Results 


The zoogloeal-forming 
were used to reduce B.O.D. and con- 
centrate radioactive isotopes. Experi- 
ments were conducted under a variety 
of conditions and with various 
amounts of synthetic laundry wastes 
in order that optimum B.O.D. and 
radioisotope removals might be deter- 
mined. 


organisms 


& 
# 


“age 


FIGURE 5.—Photomicrographs (x 950) of yeast cells grown (left) in agitation flasks 
with a solution initially containing synthetic nutrient and 4,000 p.p.m. of citrate at pH 2.4 
and (right) in rotary slime tubes with a solution initially containing synthetic nutrient and 
2,000 p.p.m. of citrate at pH 2.8. 
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Waste Treatment with Rotary Slime 
Tubes 


Rotary tube experiments showed that 
citrate was utilized by the slimes under 
a variety of pII and organic loading 
conditions. The effects of different con- 
ditions of pH and citrate concentra- 
tion on B.O.D. removal were performed 
in two major experiments. In one of 
these experiments, the average B.O.D.’s 
in nutrient solution containing 65 and 
2,000 p.p.m. of critric acid, as citrate, 
were 334 and 1,311 p.p.m., respectively. 
The pH’s in the influents, which varied 
because of the citric acid, were 6.2 and 
2.8. The B.O.D. removals for these 
tests ranged from 83 to 21 per cent. 
In the other experiment, citrate load- 
ing was also varied; but the pH was 
adjusted to 7.0 and the B.O.D. re- 
moved ranged from 81 to 31 per cent. 
The B.O.D. loadings in these solutions, 
which contained 500 to 4,000 p.p.m. ci- 
trate, respectively, ranged from 495 to 
2,920 p.p.m. The results of both ex- 
periments are further represented in 
Table IT. 


— 
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TABLE II.—Rotary Tube and Trickling Filter Performance 


Series | No. of Investi- | Waste! 


B.O.D | NH; -N Tot. N 


gational | 


No Tests 


None 

None 

66 Citrate 
125 Citrate 
250 Citrate 
500 Citrate 
2,000 Citrate 
500 Citrate 
4,000 Citrate 
2,000 Citrate 
1,000 Citrate 
500 Citrate 
500 Citrate* 
500 Citrate 
500 Citrate 


54 | Rotary 
14 | Tr. filt. 
12 | Rotary 
12 | Rotary 
11 | Rotary | 
12 | Rotary 
10 Rotary 

9 | Rotary 

9 | Rotary 
19 | Rotary 
18 | Rotary 
24 | Rotary 
21 =| Rotary 
10 | Tr. filt. 
11 | Tr. filt. 


o 


Rem Infl Eff. Infl 
(%) | (p-p.m.) | (p.p.m.) | (p.p.m.) | (p.p.m.) 


83.4 
88.0 
81.8 
80.0 
74.6 
85.2 
87.0 


| 33.8 
| 
| 


58.5 
49.6 
54.5 

| 32.2 

| 17.4 

19.0 
24.2 
25.8 
34.6 

95.0 

(56.4 


| 


' In addition to nutrient. 

* pH adjusted with HCl. 

’ pH adjusted with NaOH. 
‘ Ammonium citrate, as citrate. 

° No settling time allowed for effluent. 
6 pH adjusted. 


When citric acid was used to lower 
the pH, the break in per cent B.O.D. 
removal occurred between: 250 and 
500 p.p.m. citrate loading; influent 
pH’s of 4.2 and 3.5; and B.O.D.’s of 
438 and 576 p.p.m. The break in the 
per cent B.O.D. removal, when the pH 
was adjusted to 7.0, occurred more 
vradually and was not noticeable until 
1,000 p.p.m. of the citrate was added to 
produce a B.O.D. of 742 p.p.m. This 
showed that a 60 per cent B.O.D. re- 
moval could be attained with almost 
twice as much B.O.D. loading at pH 
7 as at pH 3.5. The B.O.D. removals 
for both experiments with either low 
or neutral pH’s ranged between 75 and 
95 per cent prior to the break in the 
per cent B.O.D. removal. 

The shock loading effects and the 
time required to reestablish equilibrium 
conditions were readily obtainable 
from these rotary tube experiments. 
The immediate reduction in per cent 
of B.O.D. removal, caused by changes 
in pH and organic loading, was very 
marked. Prior to the addition of citric 


Unless noted, citric acid used in all experiments. 


acid to the influent, the slimes were 
receiving a nutrient solution at a pH 
of 7.0. The most severe decrease in 
the per cent B.O.D. removal occurred 
when citrate concentrations of 500 
p.p.m. or more, and pH values lower 
than 3.5, were applied to nutrient ac- 
climated slimes. When slimes were 
subjected to 500 and 2,000 p.p.m. of 
citrate, with resulting pH’s of 3.5 to 
2.8, the per cent B.O.D. removals 
dropped from 90 to 20 and 90 to 5, 
respectively. The time required to re- 
establish equilibrium under the new 
conditions of pH was about 18 days. 
At concentrations less than 500 p.p.m., 
and pH’s higher than 3.5, recovery 
time was less than 5 days with negli- 
gible interference in efficiency. When 
the same citrate concentrations were 
continued but the pH adjusted to 7.0, 
the per cent of B.O.D. removal in- 
creased again and the time to reach an 
equilibrium was about three days. 
There was no noticeable destructive 
effect on the rotary slimes until 250 
p.-p.m. of Igepal and 500 p.p.m. of 


| 0 | 85 | 28.0 88.3. | 

(7.0\ 265" 92 | 203 | 85.7 

a 334! 82 153 84.4 

b 48! 384 83) 15.1 80.0 

40/88) 8 | 87 | 69.8 
d 576) 44) 73 88.1 : 
e 28/90) 1311) 21) 7.5 «84.0 
2.8785) 50 | 98 | - 

‘ a | | 2,920 | 31 | 11.0 
b | 1,195 | 55 | 89 | — 

7.0) 76 | 97 ae 
d | 7.09 495 | 81 10.7 
e | 7.0 | o| 442 | 76 | 69.0 — |— ie 
454) 29 8.1 — | - 
| O| 434) 48) — | — — 
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FIGURE 6.—Effect of synthetic laundry waste on the efficiency of rotating slime tubes. 


citrate were applied. Combination of 
this amount of Igepal and citrate re- 
duced the average B.O.D. removal of 
about 5 per cent as compared to ¢i- 
trate alone. Detailed results of the 
Igepal tests are presented in Figure 6. 
The major effect of Igepal on the ro- 
tary slimes was probably due to its 
frothing and detergent properties; for, 
when Igepal-containing wastes were 
applied to clean rotary tubes, the de- 
tergent ability of the Igepal caused the 
growing biological colonies to slip out 
of the tube. To overcome this prob- 
lem, a slime growth had to be devel- 
oped in the tubes prior to the addition 
of Igepal, or the Igepal concentration 
had to be temporarily reduced to about 
50 p.p.m. 

Another point of interest is that 
Igepal, which is an alkylphenylether 
of a polyethylene glycol, interfered 
with the Winkler test for the dissolved 
oxygen determination. The difficulty 
occurred when the iodide formed an 
Igepal-iodide precipitate. However, 
this detergent-iodide precipitate in the 
B.0.D. bottles was not too serious once 
it was discovered that the starch com- 


plex was stronger than the Igepal- 
iodide complex. As long as a repre- 
sentative sample, including precipitate, 
was taken for titration, the starch dis- 
solved the Igepal-iodide complex and 
true titrations were obtainable. 

It was ascertained that, after the 
application of 250 p.p.m. of Versene 
to a 2,000/1,000 p.p.m. citrate /Igepal 
solution, the B.O.D. removal was about 
50 per cent as compared to 80 per cent 
prior to the addition of the Versene. 
The decreases in B.O.D. removals were 
eaused by the inhibitory action of 
Versene and not by increases in 
oxidizable organie loadings. Versene 
does not have a B.O.D. The an- 
tagonistie and shock loading effects of 
Versene are illustrated in Figure 6. 
It was also observed that the concentra- 
tion of Versene had to be reduced to 
about 50 p.p.m. or less before slimes 
would adhere to a clean surface of a 
rotary tube. If slimes were already 
attached to the surface, higher conecen- 
trations could be applied. This indi- 
cated that there was some competition 
between the surface-active bacterial 


cells and the surface-active chelates. 
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Exploratory experiments indicated 
that Tide and Rinso created a large 
organic load and reduced the per cent 
B.O.D. removal. Virtually all B.O.D.- 
producing substance in Rinso, and 
about 20 per cent in Tide, was avail- 
able or metabolized in the 5-day B.O.D. 
tests. In the slime’ experiments, 
neither Tide nor Rinso in concentrations 
as low as 10 p.p.m. caused a decrease 
in B.O.D. removal efficiency. When the 
concentrations were increased as much 
as 100 p.p.m., however, some noticeable 
effects, such as B.O.D. reduction and 
decreased amounts of slime, were ob- 
tained. 


Radioactivity Detention with Tubes 


Isotopes were added to influent so- 
lutions at concentrations of 500 to 2,000 
counts per minute per millimeter (10 
per cent counting geometry). The de- 
tention of these tracer quantities of 
radioactivity was obtained by sampling 
and ‘‘counting’’ the evaporated influ- 
ent and effluent samples. Carrier iso- 
topes from the diluted stock played a 
negligible role in the competitive filter 
environment between stable and un- 
stable isotopes. This desired effect was 
obtained by using a ‘‘high count’’ stock 
solution, which resulted in a very small 
amount of radioactive solution. 

P*? was utilized as a metabolite by 
the organisms in rotating slimes, and 
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the amount of P** detained under vari- 
ous test conditions was approximately 
10 to 30 per cent when the ratio of 
P* to stable phosphorus was 1.58 x 
10°* to 27.5 p.p.m. This meant that 
approximately 10 to 30 per cent of 
the unstable phosphorus was used in 
metabolitic processes and was detained 
long enough to decay. The radioactive 
phosphorus is in competition with 
stable phosphorus; consequently, the 
uptake is dependent upon the ratio of 
the stable to the radioactive phos- 
phorus ions. The extent to which phos- 
phorus will be used is then also re- 
lated to the nutrient available for cell 
growth and multiplication. 

The detention of P** was not af- 
fected by various synthetic laundry 
wastes and domestic settled sewage. 
Slimes which were fed on certain 
wastes—containing 500 p.p.m. citrate 
(pH 2.8) in one tube and 500 p.p.m. 
of ammonium citrate, as citrate (pH 
7.0), in another—detained about 10 to 
20 per cent of the applied P**. The 
results are shown in Figure 7. There 
was little difference in the detention of 
P** by sewage-fed slimes and those fed 
synthetic wastes. The detention of P* 
by sewage slimes was 10 to 15 per cent 
for a flow of 7 1. per day, and 5 to 10 
per cent for a flow of 16 1. per day. 
(Figure 8). As a result of these ex- 
periments, it was shown that the syn- 
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FIGURE 7.—P* detention by slimes in rotating tubes. 
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FIGURE 8.—P® detention by 


thetic laundry wastes provided condi- 
tions apparently similar to those of 
domestic sewage for the removal of 

The removal of I'*', as iodide, was 
less than 10 per cent at equilibrium con- 
ditions when carrier-free iodine was 
used. Synthetic laundry wastes con- 
taining either 20 p.p.m. of Igepal and 
500 p.p.m. of citrate, or 20 p.p.m. of 
Igepal and nutrient, all at a pH of 7.0, 
did not change the I?*! detention char- 
acteristics of the slimes. There was, 
however, an important characteristic 


sewage slimes in rotating tubes. 


difference between synthetic wastes and 
domestic sewage; this difference was 
apparent on the first day of I’*' appli- 
eation (Figure 9). The detention of 
I'*' in the synthetic nutrient-fed slimes 
was about 10 to 20 per cent on the first 
day of application, whereas the deten- 
tion by sewage slimes was about 40 to 
60 per cent. The difference in I’* up- 
take was probably due to the addi- 
tional silt and debris found in the 
sewage. Actually, bacterial cells would 
use minimum amounts of iodide and it 
is surprising that as much as 20 per 
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FIGURE 9.—Detention of I by slimes in rotating tubes. 
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cent was detained. Foreign materials, 
such as silver, in both synthetic wastes 
and sewage may have been in sufficient 
concentration to cause some precipita- 
tion and removal. 

Three types of laundry wastes did 
not affect the removal of Sr*® by rotary 
tube slimes. The synthetic wastes 
were: (a) nutrient by itself, (b) nu- 
trient containing 500 p.p.m. citrate 
and 250 p.p.m. Igepal, and (c) nu- 
trient containing 50 p.p.m. Versene. 
All three wastes were adjusted to pH 
7.0. The Sr*® detention, which was also 
the same for all these wastes, was 
about 15 per cent for the first day of 
sampling and 0 to 5 per cent thereafter. 
Much research is still required to pre- 
dict with any degree of accuracy how 
Sr*® will behave in the presence of 
various complexing agents. 

There was no real detention of Ru'®® 
and Cs'** in the rotary slimes. The 
only perceptible detention occurred 
during the first few hours of applica- 
tion, when the contaminated liquid was 
displacing the original liquid in the 
slime structure. The wastes and the 
concentrations used for these experi- 
ments were identical with those de- 
scribed in the Sr** experiments. 

Detention of Ce'** by rotary slimes 
ranged between 30 and 50 per cent. 
As shown in Figure 10, there was no 
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difference in the amount of Ce'** de- 
tained when treating two different 
types of waste. One waste was straight 
nutrient, whereas the other waste also 
contained 500 p.p.m. of citrate and 
125 p.p.m. of Igepal, and both were at 
pH 7.0. There was no important dif- 
ference in the amount of Ce'* de- 
tained during the first and subsequent 
days of application. This indicated 
that the manner in which Ce'* was re- 
moved was not dependent upon ex- 
change or metabolic equilibrium con- 
ditions, as had been the case with P*’. 

The external radiation on the out- 
side of the plastic rotary tube was ap- 
proximately 30 milliroentgens after ap- 
plying for eight days a solution con- 
taining approximately 500 counts per 
minute per milliliter (10 per cent 
geometry) of Ce'*. These relatively 
high radiations were caused by the 
daughter decay product Pr'**, which 
has a half-life of 17.5 min., and decays 
with two betas and two gammas. The 
betas have energies of 3.07 and 0.041- 
million electron volts (MEV), while the 
two gammas have 0.135 and 1.25 MEV. 


Waste Treatment with a Trickling 
Filter 


The 8-ft. deep, 2 stage, 214-in. di- 
ameter trickling filter showed no 
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FIGURE 10.—Detention of Ce™ by slimes in rotating tubes. 
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marked improvement over a 


slime 


rotary 


tube in either B.O.D. reduction 
or isotope detention capacities, whereas 
it exhibited disadvantages in the time 
required to reach equilibrium. 


The 

d chemical conditions im- 
d on the trickling filter experi 
iments were identical with those of the 
rotary tube experiments. 

After about 25 days of conditioning, 
the trickling filter attained a 50 per 
cent B.O.D. removal when the pH 
was 3.5, and an 80 per cent removal 
when the pI] was 7.0. The wastes in 
both bases contained 500 p.p.m. of ci- 
trate, which brought the applied B.O.D. 
up to about 400 p.p.m. The flow was 
also controlled at 7 1. per day, which 
was equivalent to about 6 m.g.a.d. 

The range of radioactivity detention 
in the slimes of the trickling filter was 
10 to 20, and 0 to 10 per cent, for P* 
and ['*', respectively. The wastes in 
hoth cases contained 500 p.p.m. of ci- 
trate at a pH of 7.0. These detention 
percentages were about the same as 
those attained by slimes in rotary 
tubes. There was less than 5 per cent 
of I** detained at either depth after 
equilibrium was reached on the fourth 
day of application. Throughout the 
test period, the first 4-ft. section of the 
trickling filter detained about 75 per 
cent of the total amount detained. 


] 


at ana 


Discussion 


The behavior of synthetic laundry 
wastes varied widely. Citrate, the most 
commonly used complexing agent in 
laundering, was readily utilized by or- 
ganisms ; and the organisms were adapt- 
able to a wide range of pH. On the 
other hand, important 
chelating agent, was a slime inhibitor. 
Such anionic detergents as Tide and 
Rinso (soap) and the nonionie de- 
tergent, Igepal, produced some del- 
eterious effects on the slimes. Tide 
and Rinso both registered a high 
B.O.D. and were considerably more 
toxic to slimes than the Igepal. It was 
further found that Igepal and Versene 


Versene, an 
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were not attacked by biological forms, 
but caused an inhibition of growths as 
a result of their emulsifying and sur- 
face-active properties. 


Citrates 


Citrates are biologically oxidized and 
added to the organic loads in much the 
sume manner as domestic sewage. If 
citric acid is included in the waste, 
the B.O.D. is increased and the pH is 
decreased. Therefore, laundry waste 
treatment design may be based largely 
upon the amount of citrate present. 
lor example, the 5-day, 20° C. B.O.D. 
of a solution containing 2,000 p.p.m. 
citrate and nutrient (200 to 250 p.p.m.) 
was about 1,200 to 1,300 p.p.m. This 
2,000-p.p.m. citrate concentration is 
equivalent to 87 lb. of B.O.D., and is 
approximately the amount of citrate 
load in the 8,000 gal. of laundry wastes 
discharged daily at Oak Ridge. The 
actual increase of organic load due to 
citrate is not, however, as serious a 
threat to biological treatment as might 
be expected. Each 500 p.p.m. of citrate 
doubled the B.O.D. load usually ex- 
hibited by an average domestic sewage 
(200 to 250 p.p.m.), and the per cent 
of B.O.D. removal affected by biologi- 
cal slimes was not reduced as drasti- 
cally as it would be if the amount of 
organic matter in average domestic 
sewage were doubled. 

It was also apparent that pH changes 
oceasioned by the citrate were not a 
serious threat to laundry waste treat- 
ment. A waste which contained about 
2,000 p.p.m. of eritrie acid, such as the 
Oak Ridge laundry effluent, would have 
a pH of about 2.8 and would require 
dilution with domestie sewage. This 
statement is based on the assumption 
that neutral detergents and laundering 
aids would be used. Dilution with wa- 
ter and synthetic nutrient was not very 
effective in increasing the pH until 
citrate concentration was less than 500 
p.p.m., because of the buffering ca- 
pacity of citric acid. At this citrate 
concentration, the effluent pH’s of ro- 
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tary slime tubes had a tendency to ap- 
proach 7.0 and the over-all B.O.D. re- 
duction reached an asymptote. The 
tests made it obvious that low pH’s 
due to citric acid were not as destruc- 
tive to slimes as were inorganic acids. 
The concentration of 250 p.p.m. of 
citric acid, as citrate, could be utilized 
efficiently by slimes without decreasing 
the efficiency of a trickling filter; and 
the pH of the plant influent due to 
citric acid would be about 6.5. It 
was apparent that all of the readily 
oxidizable nutrient and citrate could 
be utilized by biological slimes as long 
as the pH remained above 6.5 and 
loadings were not excessive. 

The influence of pH on the utiliza- 
tion of citrate by biological slimes is 
readily demonstrated by comparing the 
citrate ionization pattern with the 
B.O.D. removal pattern. The curves 
representing all of the various Cit-~~, 
HCit- -, H.Cit-, H.,Cit are presented in 
Figure 11; complexed ion equilibrium 
conditions in the heterogeneous syn- 
thetic laundry wastes are presented in 
Figure 12. From these curves certain 
estimates may be made of B.O.D. re- 
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FIGURE 11.—Concentration of citrate ions vs. pH. 
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movals from various concentrations of 
citric acid in a waste such as domestic 
sewage. 

In order to base trickling filter de- 
sign on citrate loading of rotary tubes, 
it was necessary to convert citrate 
B.O.D. values into ‘‘equivalent’’ trick- 
ling filter loading rates. Table III 
shows the converted B.O.D. loading 
rates as computed from the average 
applied B.O.D.’s. This conversion 
(from p.p.m. of applied B.O.D. for the 
rotary tubes, to pounds per acre per 
day for an ‘‘equivalent’’ trickling fil- 
ter) was based on a hypothetical dos- 
age rate of 8 m.g.a.d. over a 6-ft. deep 
trickling filter containing stone 2 in. 
in diameter. The dosage rate for a 6- 
ft. deep trickling filter would be about 
4 m.g.a.d. if the conversion were based 
on stone 4 in. in diameter. 

Taking into consideration the known 
B.O.D. output of 87.0 lb. per day of 
citrate waste from the Oak Ridge 
laundry, as well as the desired B.O.D. 
removal, the size of an ‘‘equivalent’’ 
trickling filter might then be estimated. 
For example, if rotary tubes affected a 
60 per cent B.O.D. removal from a 
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Waste containing 2,0UU p.p.m. citrate 
at a pH of 7.0, it would be expected 
that a trickling filter receiving 87,000 
lb. of B.O.D. per acre per day would 
also affect a B.O.D. removal of about 
60 per cent. Based on the Oak Ridge 
laundry waste, an ‘‘equivalent’’ trick- 
ling filter 6-ft. deep, with hydraulic 
loading of 8 m.g.a.d. and having an 
area of 44 sq. ft., would be required 
to attain a B.O.D. removal of 60 per 
cent. This computed area is theoreti- 
cal and must be increased to allow for 
plant inefficiency, effect of a slime-de- 
stroying detergent, and _ increased 
B.O.D. removal, if this is desired. The 
trickling filter area or the recircula- 
tion ratio must obviously be increased 


also if higher B.O.D. removals are re- 
quired. 


Effects of Detergents on Slime Growths 


Experimental results showed that 
Igepal, Tide, and Rinso exhibited 
varied effects upon the operating char- 
acteristics of the treatment units. The 
surface active properties—that is, wet- 
ting, emulsifying, and frothing—were 
more important in some cases than 
their toxie or anti-bactericidal charac- 
teristics. 

Igepal, a commonly used detergent 
in decontamination laundries, changed 
neither the pH nor the B.O.D. of the 


synthetic laundry wastes. This non- 
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FIGURE 12.—Citrate characteristics. 
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TABLE III.—B.O.D. Loading Rates for Rotary Tube Operation 
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B.O.D. Applied 


| 
| | (p-p.m.) | (Ib. /ae.,day) | (Ib. ‘ac.-ft. day) 
1 | 7.0 0 258 | 17,200 | 2,860 85 
2: 69 | 66 334 | 22200 | 3,700 82 
3 4.8 125 338 | 22,500 | 3,760 83 
2 | 4.0 250s 438 | 29,200 4,860 83 
52 3.5 500 | 576 38,400 6,400 44 
6 28 2,000 1,311 87,000 14,600 21 
73 | 7.0 4,000 2,920 195,000 33,000 31 
88 7.0 2,000 1,195 79,500 13,300 55 
gs 7.0 | 1,000 742 49,500 | 8,200 76 
mo | zo | 500 9 | 33,000 5,500 81 
| 28 | 500 | 461 | 31,000 5,100 | 


‘In addition to nutrient. 


? Nutrient contributed about 260 p.p.m. of total B.O.D. 


ionic detergent was not attached by 
bacteria or yeast. In concentrations 
(of 1,000 p.p.m.) similar to those 
normally found at Oak Ridge, Igepal 
caused some slime inhibition in the 
rotary tubes. When the Oak Ridge 
detergent concentration was diluted 
with four times its volume in synthetic 
nutrient, there was no apparent de- 
crease in B.O.D. removal by the slimes. 
The only serious treatment problem 
which Igepal exhibited toward slimes 
were those created by its emulsifying 
and wetting properties. 

Igepal could be applied to a regular 
trickling filter with the expectation 
that the B.O.D. removal would be re- 
duced about 5 per cent for each 250 
p.p.m. of Igepal in the influent solu- 
tion. The trickling filter stones would 
have to be coated with slimes prior to 
the addition of the Igepal-containing 
wastes; for, if Igepal precoats the sur- 
faces of the stone, the slime growths 
would not have a suitable surface to 
which to adhere and grow. 

The increase in oxidizable organic 
matter, as introduced with the addi- 
tion of Tide or Rinso, would necessi- 
tate a larger treatment unit. Beside 
the increased organic loading effect, 
Tide and Rinso exhibited character- 
istics similar to those of Igepal. 


’ Nutrient contributed about 200 p.p.m. of total B.O D. 


Whether Igepal or other detergents 
should be recommended for use in a 
laundering process depends, among 
other things, upon (a) the capacity of 
the waste treatment plant, and (b) the 
assimilation capacity of the final di- 
luting body of water. For example, in 
the laundering process it would be best 
to use a detergent that was oxidizable, 
provided a waste treatment plant was 
available for handling a large organic 
load. On the other hand, if the waste 
treatment plant was not designed to 
receive the extra organie loads sup- 
plied by an oxidizable detergent, it 
would be best to use Igepal in the laun- 
dering processes. If Igepal were used 
it would pass through the treatment 
unit; its toxie effects, if any, would be 
experienced in the diluting body of 
water. Such a method of detergent 
disposal would in reality depend upon 
the dispersion and dilution capacity of 
the receiving stream. 


Radioactivity Removal 


The following empirical data on 
radioactivity detention by bacteria and 
yeast were collected, and an attempt 
was made to seek out the predominant 
mechanisms by which a_ particular 
radioactive isotope was detained. 

The participation of phosphorus in 
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biological phosphorylation processes 
has been well recognized. ‘Therefore, 


the hypothesis that P** could be de- 
tained by biological cells was never 
questioned (2); but it was necessary to 
determine quantitatively the amounts 
of removal under particular environ- 
mental conditions. Under certain con- 
ditions, when phosphorus is limiting, 
all the phosphorus will be removed 
from solution; if P** is present, all the 
radioactivity will be removed initially 
by the growing cells. On the contrary, 
when phosphorus is not limiting, the 
P*- removal will depend upon the per- 
centage of phosphorus utilized by grow- 
ing organisms. 

The percentage of P** detained by 
the slimes in either a rotary tube or 
trickling filter over a prolonged period 
of time was sufficiently low to sub- 
stantiate the evidence of uptake and 
release of phosphorus in the agitated 
batch-type experiments. Slime utiliza- 
tion of phosphorus was similar to the 
agitation experiments wherein new nu- 
trient was added to a solution in which 
the nutrient was depleted and the P*? 
was released into the solution. 

The experiments with phosphorus 
showed that continued phosphate ferti- 
lization of the trickling filter was not 
always necessary, even when a waste 
was deficient in phosphates. Initial 
slime-growing phases might require the 
addition of some phosphates; however, 
after equilibrium conditions were 
reached the phosphate budget in the 
filter was partially self-sustaining. 
Phosphates were continuously re-uti- 
lized by organisms which were con- 
stantly replacing the dead cells. The 
loss of phosphate occurred when viable 
cells were washed out of the filter unit 
or when periodic sloughing of slime 
occurred. 

The mechanism of removal of Sr*® 
from solution by biological life was dif- 
ferent from that exhibited by P**. The 
detention of Sr*® by slimes in the rotary 
tubes partially substantiated the analy- 
sis obtained from the agitated flasks. 
The removal of Sr*’ at pH 7.0 was very 
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low (less than 15 per cent). This sug- 
vested that the pH and age of the bac- 
terial cell was an important factor in 
the detention of Experiments 
using high and low pH values were 
not undertaken with the rotary tubes; 
but at pH 8.0, if the waste were ade- 
quately buffered, large amounts of 
Sr’ would probably be removed by 
each new crop of organisms. 

Experiments with rotary tubes and 
trickling filters showed that there was 
some detention of I'** for one or two 
days. After an initial detention, how- 
ever, no significant quantity of ['*! was 
detained. Although it is known that 
iodides combine with some organie mat- 
ter and possible exchange on some silts 
(3) (4), it must be concluded that the 
iodide ion in these experiments did 
not beeome attached in significant 
quantities to viable bacteria. 

and Cs'™* were not detained by 
the rotary slime tubes, and only negli- 
gible amounts were taken up in other 
experiments. It is doubtful whether 
Ru'’* could be removed in any appreci- 
able amounts by biological processes. 
Probably the only manner in which 
Cs'** could be removed would be by the 
addition of silts. 

A relatively high amount of Ce 
was removed by slimes in the rotary 
tubes. The rotary tubes effected a 50 
per cent Ce’ detention, the mecha- 
nism of removal by organisms probably 
being due to the formation of insoluble 
compounds, which were precipitated 
and caught in the bacterial growths. 
Cerium forms several compounds that 
are insoluble in cold water. It can be 
assumed that a substantial reduction 
in the amount of cerium present in a 
liquid waste can be obtained by biologi- 
cal methods. 


Conclusions 


The following conclusions are based 
on the experimental results obtained 
in the biological treatment of synthetic 
laundry wastes contaminated with 
radioactive isotopes. Whenever pos- 


sible the experimental data were in- 
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terpreted as being equivalent to data 
obtainable from a 6-ft. deep, standard- 
rate trickling filter. 


Biological Oxidation of Laundry 
Wastes 


1. Rotating slime tube experiments 
indicated that a trickling filter would 
remove about 70 to 80 per cent of the 
B.0O.D. from a waste containing 500 
p.p.m. citrate in addition to the usual 
amount of organic material found in 
an average domestic sewage. Such a 
waste would be produced when one 
part laundry waste is diluted with four 
parts sanitary sewage at Oak Ridge. 

2. The B.O.D. removal by a trickling 
filter would be approximately 60 to 70 
per cent when the applied domestic 
sewage contained 1,000 p.p.m. citrate 
and the pH was adjusted to 7.0. 

3. A trickling filter would probably 
remove about 40 to 60 per cent of the 
applied B.O.D. if the waste, adjusted 
to pH 7.0, contained 2,000 p.p.m. of 
citrate in addition to at least the mini- 
mum amounts of domestic sewage sol- 
ids or nutrients required to support 
biological growth. Such a waste would 
contain approximately 1,000 to 1,300 
p.p.m. 5-day B.O.D. 

4. Versene concentration of as much 
as 250 p.p.m. in an influent would 
probably cause a collapse in the slime 
structure and inadequate performance 
of a trickling filter. 

5. A waste containing 1,000 p.p.m. 
of Igepal, when diluted by a factor of 
four with domestic sewage, would prob- 
ably not interfere with trickling filter 
operations. The Igepal would cause 
some frothing but would most likely 
pass through the trickling filter bed 
without changing its chemical form. 

6. Concentrations of 10 p.p.m. active 
ingredients of Tide or Rinso would not 
interfere with trickling filter slimes; 
however, as much as 100 p.p.m. would 
probably reduce the efficiency of a well- 
designed and operated plant as much 
as 15 per cent. 

7. Although Igepal did not appreci- 
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ably hinder waste treatment, its effects 
on aquatic life will need further in- 
vestigation before it can be accepted 
as the laundering detergent least likely 
to cause eventual stream pollution. 


Concentration of Radioactivity by 
Slimes 


1. Negligible amounts of Sr**, Cs™*, 
and would be detained by 
the direct action of slimes at pH 7.0. 

2. P® detention by bacteria in a 
trickling filter for continued periods of 
time would be about 20 per cent and 
is dependent on the relative amounts 
of usable phosphorus and carbon in a 
waste. 

3. About 30 to 50 per cent of the 
Ce'™* would be removed by trickling 
filter slimes if the influent pH was 7.0. 

4. If either or and domestic 
sewage were agitated in a batch treat- 
ment process until the plHI became 
slightly alkaline during the biological 
growth phase, virtually all of the Sr*® 
and 85 per cent of the Ce™* would be 
adsorbed to cell structures. 
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ECOLOGY OF LOS ANGELES-LONG BEACH HARBOR POLLUTION 


An ecological study of the relationships 
of estuarine polychaetous annelids as pollu- 
tion indicator organisms has been carried 
out in Los Angeles-Long Beach Harbors 
by D. J. Reish of the Department of Zo- 
ology and the Allan Hancock Foundation, 
University of Southern California. The 
study was supported by a research grant 
from the National Institutes of Health, 
USPHS. 

A progress report covering the period 
September 1953 to March 1954 showed the 
following: 


Present levels are less than in 
August 1951, slightly less than in Septem- 
ber 1951, and greater than for the three 
following months. 


oxygen 


The water transparency 
was about the same for both periods. At 
23 of the 55 stations no visible evidence 
of pollution noted, the 


was substratum 


usually being a fine gray mud, supporting 
a rich and varied fauna, the polychaetous 


annelids being the most abundant group of 
organisms, 

Evidence of some pollution was found 
at 32 stations, the substratum usually being 
covered by a black sulfide mud. At these 
stations fewer animal species were found, 
with 3 being characterized by complete 
absence of animal life. Dredging in the 
East Basin of Los Angeles Harbor in the 
spring of 1953 apparently removed the 
pollutants accumulated on the bottom so 
that this area now supports a richer fauna. 

Field study of the larval migrations of 
these marine invertebrates into polluted 
zones shows promise in determining if the 
species can invade polluted areas, and if 
so at what stage or stages in their life his- 
tories they are being killed. Preliminary 
results indicate that some species found 
only in the cleaner portions of the harbors 
do migrate into the polluted area, but ap- 
parently are killed at the time of settling 
or shortly thereafter. 
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Stream Pollution 


ANALYSIS OF A STREAM’S CAPACITY FOR 
ASSIMILATING POLLUTION 


By M. A. CHurcHILL 


Chief, Stream Sanitation Section, Division of Health and Safety, 
Tennessee Valley Authority, Chattanooga, Tenn. 


It is generally recognized that the 
use of a stream for ultimate disposal 
of waterborne wastes is both reason- 
able and necessary. However, dis- 
posal of excessive or inadequately 
treated wastes limits use of the stream 
for other purposes which may be more 
beneficial to the region. Streams have 
tremendous capacity for self-purifica- 
tion and economy dictates that as much 
—but no more—of the stream’s natural 
capacity for absorbing pollution should 
be used as is consistent with all other 
uses of the water. 

The ultimate purpose of all stream 
sanitation activities is to establish and 
maintain a reasonable and economic 
balance between man’s many uses of 
streams which do not lower water qual- 
ity, and his use of streams for waste 
disposal. One of the prerequisites for 
establishing this balance is the determi- 
nation of the stream’s capacity for ab- 
sorbing pollution. This paper presents 
a method for determining quantitative 
relationships between organic waste 
loads put into a stream and the re- 
sulting dissolved oxygen depletion. 

A number of workers in the field 
have previously developed methods for 
determining the relationship of dis- 
solved oxygen to pollution loads. The 
first and still the basie method was de- 
vised by Streeter and Phelps (1). 
Velz (2) and Thomas (3) published 
modifications of the original approach. 
A number of others have proposed pro- 


cedures for solving the basic equations 
of Streeter and Phelps and for evalu- 
ating the ‘‘constants’’ involved. Le- 
Bosquet and Tsivoglou (4) published 
a method considered to be a significant 
contribution. The last two authors 
show how their method is a special 
application of the Streeter-Phelps equa- 
tions at the location of the low point 
on the dissolved oxygen (D.O.) sag. 

Although the Streeter-Phelps ap- 
proach to the problem has been the 
accepted ‘‘standard’’ for many years, 
the application of its equations in- 
volves a number of practical difficul- 
ties, chief among them being: (a) the 
high cost and difficulty of determining 
the time of flow between successive 
sampling stations along the D.O. sag 
curve; (b) a large field and labora- 
tory staff (and a fairly large labora- 
tory) must be available to collect and 
analyze the numerous samples collected 
during the intensive sampling period 
required; and (ce) the fact that the 
so-called constants k, and k, are not 
really constants, but must be re-evalu- 
ated by additional extensive observa- 
tions on the same reach of river for 
changed conditions of pollution load- 
ing and river discharge. 

In the method of analysis developed 
herein, time of water travel is not 
needed, the necessary samples can be 
collected and analyzed routinely by a 
small staff, and no long-term B.O.D. 
determinations are required. Office 
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calculations are relatively simple and, 
if the suggested statistical procedures 
are employed, the dependability of the 
relationships developed can be evalu- 
ated. 

An example of the method, as ap- 
plied to a specific stream section, is 
viven, 


Method Applied to Specific Problem 


Basic observational data for this pa- 
per were supplied to the Tennessee 
Valley Authority by an industrial con- 
cern hereafter referred to as Industrial 
Plant. This source of data was se- 
lected because the data are fairly ex- 
tensive and because the plant is rather 
well isolated from other sources of 
pollution, thus making presentation of 
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the method uncomplicated. In addi- 
tion, the data illustrate the type of 
information any forward-looking in- 
dustry can obtain with reasonable cost 
concerning the effects of its own 
wastes on receiving streams. 

Industrial Plant takes its process wa- 
ter from Plant River and also dis- 
charges its waste waters into this same 
stream. A short distance downstream 
Plant River flows into Main River 
(Figure 1). 


Basic Data 


During 1944 and 1945 personnel of 
Industrial Plant collected field informa- 
tion and water samples routinely from 
a number of sampling stations on Plant 
River, Branch River, and Main River. 
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FIGURE 1.—Location of sampling stations in illustrative problem. 
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All available results on temperature, 
pH, dissolved oxygen, and B.O.D. de- 
terminations made during the summer 
months when water temperatures ex- 
ceeded 17° C., at the stations shown in 
Figure 1, are included in Table I. 
Stream discharges based on records 
from three gaging stations on the Main 
River and from gaging stations on five 
local tributaries were supplied by the 
Hydraulic Data Branch of the Tennes- 
see Valley Authority. 


Variable B.O.D. Load 


The mill is located on Plant River, 
a small tributary of Main River. 
Above the mill there is practically no 
pollution, inasmuch as the stream flows 
out of a very lightly inhabited area. 
Grab samples collected from Plant 
River below the mill show the B.O.D. 
load in terms of pounds per day to be 
extremely variable. The samples are 
truly random, according to mill offi- 
cials, and were taken to obtain a pic- 
ture of the pollutional effeet of mill 
operations on the  waste-receiving 
stream. The normal operation of the 
mill results in variable loadings on 
the stream on an hour-to-hour and day- 
to-day basis. The results of B.O.D. 
grab samples (Table I) on Plant River 
below the mill showed the maximum 
observed load to be at the rate of 57,000 
lb. per day and the minimum 9,600 
lb. per day. Obviously, grab samples 
under such conditions must be in- 
terpreted carefully in order that the 
results will not be misleading. With 
the aid of statistical procedures, how- 
ever, the grab sample values can be 
used to yield dependable results when 
analyzed by the method proposed 
herein. 


Inasmuch as statistical procedures 
are used considerably in this paper, all 
of the procedures are shown in detail 
in the appendix for the sampling data 


at Station E, which is on 

River at river mile 83.7. 
The effect of the pollution load on 

D.O. levels in the river is shown quite 


the Main 
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clearly by the observed D.O. profiles 
of Figure 2. 

The B.O.D. load in the Main River 
above the mouth of the Plant River is 
very low (Station A, Table I). The 
only sizable organic load imposed on 
the Main River in the 30-mi. reach be- 
low the mouth of the Plant River is 
that from the mill. 


DO. Drop vs. B.O.D. Loading 


It is common knowledge that the 
reason for the existence of a D.O. sag 
in a stream is the organie pollution 
load put into the water upstream. A 
basic relationship must exist, therefore, 
between the size of the load, the stream 
flow or dilution available, and the de- 
gree of D.O. depletion. This is the 
relationship sought by this study. 

It is evident that the size of the load 
and the stream flow can be combined 
into a B.O.D. concentration unit, such 
as B.O.D. in pounds per day per c.f.s. 
of stream flow. A basic relation should 
exist at each sampling station along 
the D.O. sag, therefore, between the 
decrease, or drop, in D.O. concentra- 
tion in p.p.m. (from above pollution 
to each sampling station along the 
sag) and B.O.D. in pounds per day 
per ¢.f.s. of stream flow. The B.O.D. 
found in a sample at a station below 
pollution represents the remainder of 
the pollution that has moved down- 
stream with the water, depleting the 
D.O. along the way. 

There are many other factors enter- 
ing into the general relationship which 
tend to produce variations in observed 
results when these factors are not 
taken into account. In this approach 
to the problem, however, the secondary 
influences are omitted from the basic 
relationship. The effects on the ae- 
euracy of the results which arise from 
the omission of these modifying factors 
are discussed later in the paper. 

Inasmuch as Station A is on the 
Main River just upstream from the 
Plant River where the pollution enters, 
this point was used as a base in com- 
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FIGURE 3.—Relation of D.O. drop to B.O.D. Solid line represents mean relationship; 
dashed lines, 95 per cent confidence limits. 
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puting the drop in D.O. values on each 
sampling date. These values for D.O. 
drop, 5-day B.O.D. values, and stream 
discharges at each downstream station 
on the Main River were used to plot 
the relationships shown in Figure 3. 
The relationship shown for the Plant 
River is based on the drop in D.O. 
concentration from above to below the 
source of pollution. 

The solid line for each station was 
fitted to the data by the method of 
least squares. (See Appendix: such 
a fitting is not essential to the method, 
but obviously more accurate results 
can be thus obtained.) Since D.O. is 
the dependent variable in the relation- 
ship, the regressions shown were com- 
puted in the normal way; that is, the 
regressions are for y upon 2, and not 
x upon y. There is an important dif- 
ference. Obviously, the fitted line can- 
not be expected to define the absolutely 
true relationship of these variables at 
a station, since only a limited number 
of samples were collected. On the 
other hand, it is the best approxima- 
tion of the true relationship that can 
be obtained from the available data. 
The curved dashed lines were com- 
puted by statistical methods (see Ap- 
pendix) and represent the 95 per cent 
confidence limits of the true relation- 
ship. In other words, the odds are 19 
to 1 that the true relationship lies 
within the limits outlined by the dashed 
lines. These probability limits are 
very useful in that they provide a 
guide to the dependability of the re- 
lationships. 

The values for 5-day B.O.D. were 
computed by 


Pounds per day = p.p.m. X c.f.s. 
of stream flow xX 5.4, 


from which it is evident that values 
of B.O.D. in pounds per day per c.f.s. 
can be obtained by multiplying p.p.m. 
B.O.D. by 5.4. Thus, the relationships 
shown in Figure 3 can be thought of 
as D.O. drop in p.p.m. versus B.O.D. 
in p.p.m. times a constant. 
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Admittedly, there is considerable 
scatter to the data for each of the 
relationships shown by Figure 3. How- 
ever, the 95 per cent confidence limits 
shown for each regression line indicate 
that if the regression lines are used to 
predict D.O. drop values from known 
B.O.D. load conditions, the error from 
the true mean value will be rather 
small in terms of p.p.m. D.O. When 
the variable nature of the load is con- 
sidered, with varying degrees of longi- 
tudinal mixing in the river, together 
with the fact that no attempt has been 
made to adjust the data for water tem- 
perature effect (all data for tempera- 
tures of 17° C. or over were used), for 
algal effects on D.O., or for times of 
water travel, then the degree of scatter 
is understandable. 

Based on values of the correlation co- 
efficient (see Appendix) for each re- 
gression line, the degree of correlation, 
as shown in the following, is quite good 
for all stations except Station J, in 
spite of the factors tending to produce 
scatter : 


Correlation 
Station Coefficient, r 
Cc 0.92 
E 0.85 
F 0.86 
G 0.79 
H 0.73 
J 0.27 


If all the observed points for any 
sampling station on Figure 3 formed 
a perfectly straight line the coefficient 
of correlation would be 1.00 for that 
location. If they scattered in a random 
or ‘‘buckshot’’ fashion the coefficient 
would be near 0.0. When the coefficient 
is 1.00 and a value for either of the 
two variables is known, the value of the 
other can be predicted perfectly. When 
the coefficient is near zero, a knowledge 
of one of the variables is of little value 
in predicting the value of the other. 

It should be noted that the correla- 
tion coefficient decreases in a down- 
stream direction. This indicates that 
progressively more and more of the 
scatter of the data in a downstream 


; 
: 
ere 
: 
A 
4 
ay 
; 
er 
cas 
rir 
: 
} 


S96 


direction is due to effects of secondary 
influences. As is discussed later in this 
paper, the influence on D.O. of organic 
material on the bottom of the stream, 
in relation to the total D.O. drop, in- 
creases in a downstream direction and 
this influence is the major reason for 
the progressive decrease in correlation. 
At Station J this is particularly true. 
In addition, Station J is located well 
downstream from the low point of the 
D.O. sag and thus the observed indi- 
vidual D.O. drop values are all rela- 
tively small, B.O.D. loads are also quite 
small, and as a result there is a limited 
range of data from which to compute 
a correlation coefficient. 

Direct observations have indicated 
the almost complete absence of algae 
in the heavily polluted section of the 
river. Furthermore, frequent obser- 
vations during a 24-hr. period at one 
station failed to show any change in 
D.O. concentrations in passing from 
daylight to darkness, and vice versa, 
that could be attributed to algal ac- 
tivity. 

Effects of algae on D.O. are present 
in the Main River above Plant River, 
and at the tributary stations, as evi- 
denced by the numerous supersatura- 
tion values shown for these locations in 
Table I. 

The quantity of D.O. added to a rela- 
tively clear stream by algae normally 
varies considerably throughout the day 


TABLE II. 


River Flow! 
(ef...) 


Station A 370 
Plant River? 96 
Below Plant River 
Station E 592 
Station F 534 
Station G 572 
Station H 772 
Station J 858 
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during the warm months of the year. 
Since pollution, both domestic and in- 
dustrial, clouds the receiving waters to 
some extent, it thus reduces the extent 
of light penetration. This, of course, 
reduces photosynthesis and the pro- 
duction of oxygen by algae. Observa- 
tions of D.O. about dawn are the least 
influenced by algae and, of course, 
usually show the lowest actual concen- 
tration. This fact is well-known and is 
often used in evaluating critical con- 
ditions. 


Progressive Reduction in B.O.D. Load 


The river, of course, is very effective 
in reducing the B.O.D. load imposed 
upon it as the water flows downstream. 
To determine the size of the imposed 
load during the period of observations, 
the mean load in terms of pounds per 
day of 5-day B.O.D. was computed for 
each station (Table I). 

It might be expected that there 
would be a correlation, at each station 
below the Plant River, of the B.O.D. 
load in pounds per day with stream 
flow. Plots of these data, however, 
reveal only a ‘‘buckshot’’ pattern at 
Stations E, F, and G. At Stations H 
and J there is some correlation, ap- 
parently due to the fact that at these 
locations, well downstream from the 
low point of the D.O. sag, B.O.D. values 
have been reduced to rather low and 
uniform concentrations by natural 


-Natural and Added Pollution Loads 


= 


B.O.D. Load (Ib 
Natural, | 
it 1 p.p.m. 


Measured, 
Mean 


2,000 | 3,780 

520 =| 36,120 
3,200 26,500 
2,980 17,620 
3,090 17,190 
4,170 15,880 
4,630 13,550 


! Average on sampling days. 
? Below Industrial Plant. 


if. 
‘day 
| Added 
1,780 
| 35,600 
37,380 
| 23,300 
14,640 
14,100 
11,710 
: 
‘ 
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purification and longitudinal mixing 
upstream. Under these conditions an 
increase in flow results in an increase 
in total B.O.D. load at the lower two 
stations. 

The low B.O.D. values of unpolluted 
tributaries (such as the Plant River 
above Industrial Plant, and Branch 
River) indicate that the B.O.D. in the 
Main River would normally be about 
1 p.p.m. if no other pollution were 
added. 

The quantity of man-made pollution 
existing at each station is computed 
by subtracting the natural pollution 
load of 1 p.p.m. B.O.D. from the mean 
load observed during the study (Table 
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” nn ” 
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= /WDUSTRIAL LOAD 


MEAN ADDED B.0.0. LOAD — I000LBS. PER DAY 


LOAD FROM ABOVE 
PLANT RIVER 


1 1 


60 70 
MILES ABOVE MOUTH OF MAIN RIVER 


FIGURE 4.—Progressive downstream 
reduction in B.O.D. load. 
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Il). The values in the last column of 
Table II are plotted against river miles 
in Figure 4. The progressive down- 
stream reduction in added load is quite 
evident. 


Normal Increase in Flow of River 


From a plot of the individual river 
flows at each sampling station against 
the flow at a selected base station (Sta- 
tion E) the normal inerease in flow 
from station to station, at various levels 
of flow, was determined. If such data 
are not available, flow increases in pro- 
portion to drainage area (assuming no 
regulation by dams) are reasonably ac- 
curate. The normal progressive down- 
stream increase in stream flow is used, 
as indicated in Table IIT, to compute 
D.O. profiles for various stream flow 
levels, 


Application of Method 
Normal Load Conditions 


All the data needed to use the method 
for normal load conditions have now 
been developed. Table III illustrates 
the step-wise procedures to be followed 
and the results obtained when the nor- 
mal load is applied to the stream at 
several stream flow levels. The com- 
puted D.O. profiles are shown in Fig- 
ure 5. 

In computing the values in Table 
III, the added load from above the 
Plant River is assumed unchanged. In 
any situation where such is not the 
case, proper adjustments can be made. 

The lowest observed D.O. value in 
the Main River at the station (Station 
A) above the Plant River is about 7 
p-p.m. This value is used, therefore, 
as the initial D.O. value in Table III 
because its use will yield the lowest 
D.O. values downstream. 


Effects of Organic Bottom Material 


As shown by Figure 3, the vertical 
axis intercepts of the regression lines 
indicate a significant D.O. drop even 
when there is no load discharged from 
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Industrial Plant. The sag exists be 
vause of the B.O.D. of material on the 
bottom of the river. Supporting data 
for this statement are available from 
the observations of July 5 in 1944, 
1945, 1950, and 1952. Each year the 
plant is shut down for a few days 
during early July. During these par- 
ticular years the plant was shut down 
on July 3, July 3, July 1, and July 3, 
respectively. The samples were col- 
lected on July 5 just prior to begin- 
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has a chance to flush itself of praeti- 
cally all) suspended and_ dissolved 
B.O.D., as indicated by the extremely 
low B.O.D. values on each July 5 at 
(Table I). 

The low B.O.D. values on July 5 
show only nominal suspended and dis- 
solved pollution, particularly at Sta- 
tions E, F, and G. At the lower end 
of the reach under observation, flush- 
ing action was not so complete and at 
least part of the D.O. drop observed 


each station 


ning operations again. During the 


on July 5 was due to suspended and dis- 
shut-down, the river below the plant 


solved pollution originating before 


TABLE III. D.O. Profiles for Normal B.O.D. Load and Various Flows at Station E 


B.O.D. Load day 
Discharge 


Natural Added? Potal per ¢.f.s 


(a) 210 c.e.s. AT STATION E 


Station A 5 SLO 
From Plant R 
Below Plant R. 
Station 
Station F 
Station G 
Station H 
Station . 


1,780 
35,600 
37,380 
23,300 
14,640 
14,100 
11,710 

8,920 


1,670 
2,210 
2,430 


13,920 
11,350 


(b) 400 c.F.s. AT Station E 
Station A 260 1,400 
From Plant R. 60 | 320 
Below Plant R. | 320 1,720 
Station EF 400 2,160 
Station F 440 2,380 14,640 
Station G 180 2,590 14,100 
Station H 620 350 11,710 
Station 700 780 | 8,920 


1,780 
35,600 
37,380 
23,300 


39, 100 
25,460 
17,020 
16,690 
15,060 
12,700 


| 3, 
3, 


| 


.F.S. AT STATION E 
Station A 
From Plant R. 
Below Plant R. 
Station 600 
Station F 620 
Station G 700 
Station H 880 
Station J 980 


1,780 | — 
35,600 | 
37,380 | 39,710 
23,300 | 26,540 
14,640 | 17,990 
14,100 | 17,880 
11,710 | 16,460 
8,920 | 14,210 


4,750 
5,290 


| 
| 
| 
| 


‘ Computed for assumed natural B.O.D. of 1.0 p.p.m. 

? From Table IT. 

3 From regression lines of Figure 3. 

* Obtained by subtracting values of D.O. drop from 7.0 p.p.m. 


= 

0.0 7.0 
38,350 
24,430 116 Y+ 0 
16,150 58 8.8 0 
15,770 7.8 0 

| 34 We 1.3 

25 2.0 5.0 
0.0 7.0 : 
| 64 5.4 1.6 
oe 39 6.6 0.4 
ae 35 6.0 1.0 : 
24 42 | 28 
— | 00 | 70 
44 | 39 | 3a 
2 | 54 | 16 : 
3.5 | 3.5 
4 | 18 | 52 
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B.O.D. Load (lb. day) DO 
f.s. j 
Natural! | Added? Total | (pere.t.s.) | 


(d) 800 c.F.s. AT STATION FF 


Station A f | 2430 (| 1,780 

From Plant R. 590 35,600 

Below Plant R. 56 ¢ | 37,380 40,400 
Station E | b | 23,300 | 27,620 
Station F | 4,5: 14,640 | 19,170 
Station G 5, | 14,100 | 19,500 
Station H 3,370 | 11,710 | 18,080 
Station J 8,920 16,150 


(e) 1,000 c.F.s. AT STATION E 


Station A | 56 3,020 1,780 

From Plant R. | 750 35,600 — 

Below Plant R. | | 3,770 37,380 | 41,150 — 
Station E | 5,400 | 23,300 | 28,700 29 
Station F | | 5,670 | 14,640 | 20,310 19 


7,930 | 11,710 | 19,640 13 
9,060 | 8,920 | 17,980 | 


Station H 
Station J 


Station G 6,750 14,100 | 20,850 


shut-down. The sag observed during — flushed out of eddies, and during 1950 
these shut-down periods is due pri- and 1952 to a very small load from a 
marily to material on the bottom of the portion of Industrial Plant not shut 
river, but also to some extent to up- down completely. 

stream residual pollution, pollution not The D.O. drop was computed in 
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FIGURE 5.—Computed D.O. profiles for normal B.O.D. load and various stream flows. 
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PER DAY DO DROP 
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80 70 
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FIGURE 6.—Pounds per day D.O. drop observed during periods of plant shut-down 


pounds per day from data observed on 
July 5 of the several years (Figure 6). 
The magnitude of the D.O. drop during 
shut-down periods as shown by Figure 
6 is better appreciated when it is real- 
ized that the mean D.O. drop to Station 
lk’ during normal plant operation is 
only 17,590 lb. per day. In other words, 
the drop during shut-down perivuds is 
in the neighborhood of one-third to 
one-half the total drop in that reach 
of river which includes the lowest point 
on the oxygen sag curve. 
vations of D.O.., etc., 
two days after the time the plant was 
actually shut down, bottom effects are 
undoubtedly more pronounced during 
normal operation, inasmuch as_ the 
B.O.D. exertion when the 
top layer of organic material on the 
bottom of the river is the freshest. 
Obviously, bottom deposits and slime 
growths are not stable or constant in 
amount. <A scouring flood would re- 
move them. However, the low-flow pe- 
riod of the summer is usually preceded 
by a period during which the flows 
trend downward. It is during this 
period that the deposits build up. The 
deposits should not be theught of as 
purely sludge banks, because much of 
the bottom undoubtedly is coated with 
adapted bacterial slimes, similar to the 
ones on a trickling filter, together with 


Sinee obser- 
were made some 


is greatest 


material removed from the 
water by the slimes. Thus, bottom ef- 
fects would exist even if all the ‘‘set- 
tleable solids’’ were to be removed by 
treatment of the plant wastes. 

If no man-made pollution were added 
to the river, the natural B.O.D. 
throughout the reach would be about 
1 p.p.m. Under these conditions there 
would obviously be no D.O. sag. If 
under 1944-5 load conditions no bot- 
tom deposits existed, the sag would 
he due to dissolved and suspended 
B.O.D. only. Then the regression lines 
of Figure 3 for each station would 
intercept the horizontal axis at a B.O.D. 
value of about 5.4, because this is the 
abscissa value corresponding to 1 p.p.m. 
B.O.D. 

The vertical distance from this point 
on the horizontal axis to the fitted re- 
gression line for each station is an ap- 
proximation of the quantitative effect 
of bottom material during the sum- 
mer months in terms of p.p.m. D.O. 
drop at low stream flows. The follow- 
ing values for bottom effects were read 
from Figure 3: 
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It must be emphasized that these 
bottom effects are not at all constant 
throughout the summer. The preced- 
ing values can be only approximations 
applicable to low flows during the low- 
flow season. Some years the effects 
may be more, other years less, depend- 
ing on preceding flow and load condi- 
tions. 


Reduced-Load Conditions 


For reduced-load conditions, the 
simple and frank assumption is made 
that if the load were reduced to any 
given fraction of its normal value and 
maintained for some time at that re- 
duced level, the quantitative effects of 
bottom material on D.O. drop would 
ultimately be reduced in the same pro- 
portion. 

A study, by probability methods, of 
the minimum daily flow during each 
summer shows that, based on the 32 
years of stream-flow record at Station 
E, a minimum daily summer flow as 


low as 210 ¢.f.s. can be expected once 
in 10 years at this location. 
Table IV and Figure 7 show the ef- 
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fect on D.O. profiles of several load 
reductions at Industrial Plant. In 
these computations the once-in-10-years 
low stream flow was used. The drop 
correction value indicated in Table IV 
is the proportionate reduction in D.O. 
drop that would occur in the D.O. 
drops shown by Figure 3, if the im- 
posed loads were reduced as indicated 
in the headings of Table IV. 


General Discussion of Method 


It is believed that the proposed 
method can be useful in analyzing 
grab-sample data collected on many 
streams. Since a few grab samples can 
be very misleading, a reasonable num- 
ber of such samples for a range of 
stream-flow conditions is necessary for 
acceptable accuracy of results. 

As with any method of analysis, 
extrapolation very far beyond the 
range of observed data is dangerous. 

By using the grab-sample technique, 
with this method of analysis, a small 
field force can collect sufficient data 
for analysis from a number of stream 
reaches during the warm-weather pe- 
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FIGURE 7.—Computed D.O. profiles for reduced B.O.D. loads and 10-year minimum 
stream flow. 
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TABLE IV.— D.O. Profile for Various Industrial Plant Waste Loads and 210-c.f.s. Flow 
at Station E 


B.O.D. Load (lb./day) 
Location Discharge Drop? Correction® 


) 
Natural Added! Total (per c.f.s.) | @pm pm 


D.O.4 
| (p.p.m.) 


(a) 50 Per Cent Sess: LoAD FROM lesen STRIAL PLANT 


Station A » 1,780 
From Plant R. : | 160 | 17,800 — | 
Below Plant R. ; | 970 | 19,580 | 20,550 
Station E ’ 1,130 | 12,200 | 13,330 
Station F , 1510 | 7,670 9,180 
Station G ‘ | 1,670 | 7,390 | 9,060 
Station H | | 2,210 | 6,130 | 8,340 
Station J 450 2,430 | 4,670 7,100 | 


) 25 Per Cent NorMAL Loap FROM INDUSTRIAL 


Station A | | 
From Plant R. : 
| 


10.680 | 11,650 | 
6,660 | 7.790 


Below Plant R. 

Station E 210 | 
Station F 280 | 4,180 5,690 
Station G 310 | 1,670 4,030 | 5,700 | 
Station H | 410 | 2,210 3,350 5,560 | 
Station J | 450 | 2,430 2,550 4,980 | 


(c) 10 Per Cent NorMat Loap FROM INDUSTRIAL PLANT 


| | | 
Station A 150 | 1,780 | 
From Plant R. 30 j | 3,560 | 
Below Plant R. | 180 | 970 | 5,340 | 6,310 | 
Station E | 210 | 1K | 3,330 | 4,460 | 
Station F | 280 | 1,510 | 2,090 | 3,600 3 | 
| 


Station G | 310 6 | 2,010 | 3,680 | 
Station H | 410 | 1,670 | 3,880 
Station J | 450 2,430 | 1,270 3,700 


(d) No Loap From INDUSTRIAL PLANT 


Station A 150 810 1,780 
From Plant R. 30 160 0 
Below Plant R. | 180 970 1,780 
Station E 210 1,130 : 110 
Station F 280 1,510 700 
Station G 310 1,670 670 
Station H 410 2,210 560 


Station J | 450 2,430 420 | 


—0.9 
—2.7 
—2.7 
—1.5 


! Values for Sta. E and downstream computed to maintain same ratio of reduced station load 
to reduced load below Plant River as existed for measured added loads shown in last column of 
Table II. 

? From regression lines of Figure 4. 

’ To be applied to D.O. drop values for reduced effect of bottom deposits; reduced effects 
proportional to load reductions. 

‘ Obtained by reducing D.O. drop by D.O. correction and subtracting from 7.0 p.p.m. 


“4 

| | | 7.0 : 
| 54 | -04 | 20 
33 | 5.9 | —14 | 25 

29 | 53 —1.4 3.1 
20 | 3.7 —0.8 4.1 
16 18 —0.8 6.0 

1,780 | | | 7.0 

37 | | -07 | 44 
20 | 44 —2.0 4.6 
is | 41 —2.0 4.9 : 
14 | 28 —1.1 5.3 
-1.1 | 64 

— 7.0 

2.1 -08 | 5.7 
3.6 —2.4 | 5.8 
34 | -24 | 60 
2.0 -13 | 63 
ee 8 | 16 | -13 | 67 

2,240 11 6.5 
ate | 2,210 8 6.7 
| 2,340 8 6.7 
see | 2,770 7 6.8 

\ 
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riod of one year. By such a procedure, 
a relatively small staff, operating on 
a small budget, can evaluate the pollu- 
tion assimilative capacity of many 
streams in a short period of time. 
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APPENDIX.—-STATISTICAL TREATMENT OF STATION E BASIC DATA 
Fitting of Regression Line of Figure 3 by Method of Least Squares 


D.O. (p.p.m.) 
D.O. 
Drop 

(p.p.m.) 


Sta. A 8 


z, 
B.O.D. in 
(Ib. /day/ 
c.f.s.) 


5/24/44 
5/25/44 
5/26/44 
5/30/44 
5/31/44 

6/2/44 

6/9/44 


NN | 


cor 


5.76 32.4 1,049.76 77.76 
4.41 27.0 729.00 56.70 
4.41 37.8 1,428.84 79.38 
4.84 27.0 729.00 59.40 
4.00 37.8 1,428.84 75.60 
2.56 : 21.6 466.56 34.56 
4.84 43.2 1,866.24 95.04 


6/16/44 3. 10.24 37.8 | 1,428.84! 120.96 
6/19/44 16.00 27.0 | '729.00| 108.00 
6/23/44 ; 19.36 54.0 | 2,916.00! 237.60 


7/1/44 “ 1 
7/5/44 
7/15/44 
7/22/44 
7/26/44 
7/27/44 
7/28/44 
7/29/44 
8/2/44 
8/19/44 
8/26/44 
9/2/44 
9/20/44 
5/31/45 
6/13/45 
7/3/45 
7/5/45 
7/5/50 
7/5/52 


1 


> 
aon 


8.49 48.6 2,361.96 208.98 
1.00 10.8 116.64 10.80 
3.69 ‘ 48.6 2,361.96 179.82 


28.09 ‘ 70.2 4,928.04 372.06 
39.69 59.4 3,528.36 374.22 
54.76 ' 48.6 2,361.96 359.64 
53.29 102.6 | 10,526.76 748.98 
59.29 91.8 8,427.24 706.86 
12.96 43.2 1,866.24 155.52 
46.24 48.6 2,361.96 330.48 
42.25 75.6 5,715.36 491.40 
20.25 37.8 1,428.84 170.10 
18.49 43.2 1,866.24 185.76 


4.84 37.8 1,428.84 83.16 


23.04 43.2 1,866.24 207.36 
43.56 81.0 6,561.00 534.60 


3.61 5.4 29.16 10.26 
16 22 | 9 141.61 76 
1.96 9 | 103 106.09 14.42 


Total ‘ 562.08 | 1,264.2. | 70,756.58 | 6,094.18 


a 
+ 
3 
: ¥ 
| | 
8.5 2.4 
9.2 2.1 
8.8 2.1 
9.0 2.2 
8.4 2.0 
Q9 | 99 
: 
: 
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= 434.10 


=x)? ,264,2? 
n 2 


1264.2 X 112. 


S91L.15 


(Sx)? 


70,756.58 


55,110.40 = 15,646.18 


562.08 — 434.10 = 1 


27.98 


6,094.18 — 4,891.15 = 1,203.03 


N _ 1,203.03 _ 
a = 9 — bi = 3.869 — 0.0769 X 43.59 = 0.517 


Equation of fitted regression: y = 0.517 + 0.0769 x 


95 Per Cent Confidence Limits of Average Value of y for a Given Value of x 


The Standard Error of Prediction of an average value of y for a given value of 
x is given by 


1,203.03 
Sy 2 = D 15,646.18 = 1.146 
27 


When «x = the mean value of x, or 43.59, 
S.E. = 1.146 N50 + 0 = 0.213. 


Student’s to.o5 for 27, or n — 2, degrees of freedom = 2.052. 
S.E. X to.os = 0.213 XK 2.052 = 0.437. 
95°% C.L. of y for x of 43.59 = 3.869 + 0.437 p.p.m. 


When x = 53.59 and 33.59, 


+ 


S.E. = 1.146 
S.E. X to.os = 0.231 X 2.052 = 0.474. 

95°) C.L. of y for x of 53.59 = 4.647 + 0.474 p.p.m. 
95% C.L. of y for x of 33.59 = 3.100 + 0.474 p.p.m. 


For other selected values of x, the 95% C.L. are computed similarly. 


Correlation Coefficient 
N 1,203.03 


= = = 0,85. 


VDS  V15,646.18 X 127.98 


y 
| 

i 904 

29 
= = 

n 
43 n : 
(Xy)* 
n 

N = (cy) = 
n 

(x — Z)* : 

8y.2 
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ELECTRODE PUMP CONTROL 


By G. J. Coppa 


Superintendent, Sewage Treatment Plant, Concord, Calif. 


Originally the pumping station at 
the Concord, Calif., sewage treatment 
plant was designed with three pumps 
(two of 500-g.p.m. and one of 700- 
g.p.m. capacity) operated by an elec- 
trode control. The system worked 
reasonably well, except that it gave a 
pulsating or uneven flow through the 
clarifier because of the inherent limita- 
tions in the set-up. With six relays 
and transfer plugs any pump could be 
set to start on one of six levels. But 
all the pumps would stop at the low 
electrode. This meant that if the flow 
was 1,300 g.p.m., for example, a 500- 
¢.p.m. unit would start up, then another 
500-g.p.m. unit to make a total of 1,000 
¢.p.m., then the 700-g.p.m. unit to total 
1,700 g.p.m. All would pump to lower 
the wet well level, then all would shut 
off and the cycle would be repeated. 

The plant’s consulting engineer, 
E. Ogden Driggs, of the firm of Bates 
& Trotter, Berkeley, Calif., had worked 
out a system of ‘following the tlow”’ 
at another plant by means of float- 
controlled mercoid switches. It was 
decided, therefore, to try a similar 
system using the relays already in- 
stalled. As a result of a plant enlarge- 
ment then being carried out, four 
pumps (capacities of 700, 1,000 1,300, 
and 2,000 g.p.m.) were involved. 


New Electrode Assembly 


The old electrodes had hung from a 
holder on flexible wires. This arrange- 


ment was unsatisfactory, as rags would 
become entangled and there was a econ- 
stant maintenance problem. 

New electrodes were built up, there- 
fore, by carefully insulating 1%-in. 
galvanized pipe with ‘‘Scotch’’ water- 
proof plastic electrical tape, using the 
2-in. width. Brass plugs soldered wa- 
tertight were used to close the pipe 
ends. The pipes were then mounted 
8 in. apart between 1-in. by 2-in. in- 
sulating strips and hung about 1 ft. 
from the wet well wall on a frame. 
After the wires were attached with 
brass screws, more tape was used to 
insulate and cover the wires and all 
but the lower tips of the pipe electrodes. 
This is expected to control corrosion 
from hydrogen sulfide gas. Figure 1 
shows the electrode assembly. 


Pumping Program 


The relays were then rewired as shown 
in Figure 2. Transfer plugs are avail- 
able for changing the hook-up, but the 
present pumping program is as given 
in Table I. Under this program if the 
incoming flow is, say, 1,200 g.p.m., the 
pumps will deliver first 700 g.p.m., then 
1,300 g.p.m., and alternate between the 
two rates, but at no time will there be 
a complete shutdown. 

The only bad spot in the program is 
at a flow between 2,000 and 3,000 
g.p.m., as the pumps will deliver 2,000, 
then 3,000, then 1,300 g.p.m. before 
starting the cycle again at 2,000 g.p.m. 
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FIGURE 1.—Shop-made electrode assembly in sewage wet well gives “follow-the-flow” 
pump operation for smoother clarifier flow. 
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FIGURE 2.—Wiring diagram for relay and electrode connections. 
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TABLE I.—-Pumping Program at Concord, 
Calif., Sewage Treatment Plant as Con- 
trolled by Wet Weil Liquid Level 


| 
rogram 
Desig- 
nation 


i 
Flow Elev 


Pumps! 
(g.p.m.) | (ft.) 


Action Running 


(a) On Risinc Water Levert 


2 on 
3 on, 
2 on 
lon 

| 4on, 
lon 


cucuce 


(b) On Water Lever 


4,000 35 he 

3,000 3.0 

1,300 20 BR 1 and 2 off 

700 15 \ 2 on, 3 off P 4 
0 O8 | 2 off 


1 off 
1 on, 4 off 


| 2,3, and 4 
| 1.2, and 3 
3 


' Pumps 1,2,3, and 4 have capacities of 1,000, 
700, 1,300, and 2,000 g.p.m., respectively. 


This break in the program results from 
an unwillingness on the part of all 
concerned to pull out the 7 conductors 


presently in the conduit and pull 8 
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conductors back in. By using & elee- 
trodes and connecting as shown by the 
dotted line instead of to electrode C 
(Figure 2), the program changes would 
be the same for both rising and falling 
water levels. Any influent flow is 
handled between two of the program 
‘“‘stations’’ so that the pumps keep 
‘*following the flow’’ and give a more 
uniform feed to the clarifiers. This is 
believed to induce better sedimentation 
in the clarifiers. 

The relay and electrode control sys- 
tem has the advantages of being posi- 
tive and dependable. If the pump pro- 
gram were controlled from a_ single 
float, any malfunction of the float 
would affect all the pumps, perhaps— 
if the float happened to stick in its 
raised position—turning them all on 
to run all night. With the control sys- 
tem described this cannot happen, be- 
cause even if one relay should fail, the 
others will operate. 
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Aurora, Illinois 


By Water A. Sperry, Superintendent 


January 12—Freezing of the super- 
natant line from two digesters caused 
a day’s cold wet work today. The line 
was frozen solid with a heavy, greasy 
sludge that was discharged into it from 
the grease skimming tank. Rodding 
was impossible. <A local electric weld- 
er’s outfit (D.C. generator) was requi- 
sitioned. The results were only parti- 
ally successful due to the size of the 
pipe and not enough amperage. A 
stream of water from a hose, in combi- 
nation with much back-breaking rod- 
ding, finally broke the plug loose. 


January 15—A quarter of a square 
mile of new territory was added to the 
Sanitary District in four parcels dur- 
ing 1953. This brings the total area of 
the District up to an even 14 sq. mi. 


Accordingly, today the office map, our 
attorney’s map, and that of the Town- 
ship Assessor and the Chamber of Com- 
merce were all brought up-to-date as of 
December 31, 1953. 


January 19—The first gas-fueled en- 
gine used at Aurora was an 11-hp. en- 
gine used to power a 4-in. pump, to 
dewater clarifiers and fill the digesters. 
The arrangement was one of the most 
useful about the plant, but was used 
only infrequently. Due to long periods 
of standing the engine got so tempera- 
mental that we often had to fight it for 
several hours before we could get it to 
run. The Chief Operator got tired of 
this repeated performance and came in 
with the suggestion that we transfer a 
10-hp. electric motor from a nearby 
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blower that is seldom used, if the en- 
vine base could be modified to receive 
it. It was to be transferred back when 
needed on the blower. The starting 
switch on the blower would serve for 
both. The change was made and it 
worked, except that the motor ran too 
fast. The idea was so appealing, how- 
ever, that soon a reconditioned motor 
of the proper speed was found for 
$150. Now everyone is happy. The 
old engine was stripped and junked. 


January 22—-About a year ago two 
vas meters were changed from the 
warm furnace room to the digester 
house. We thereby improved the pip- 
ing arrangement, but during the win- 
ter, due to the cold room, the meters 
acted as moisture condensers and gave 
constant trouble from water collecting 
between the diaphragms. Periodically 
the meters had to be disconnected and 
the water removed, an annoying and 
time consuming job. An experiment 
with two 14-gal. milk bottles filled with 
marbles and placed in series collected 
water in the first bottle but not in the 
second. We thought the problem, then, 
could be solved by filling an oil drum 
with small rounded stone and connect- 
ing it in the line. It did not work. 
As a second try, we built a Celotex 
housing around the two meters, placed 
a bank of lamps inside, and arranged 
it for easy dial reading and the re- 
moval of meters. In addition, the pip- 
ing from the digesters to the meter 
housing was insulated with wool felt. 
This maintained a temperature around 
the meters at near 60° F. and there has 
been no condensation trouble since. 


January 25—Operating days are made 
interesting by the surprises. A high- 
way engineer from the County office 
came in this afternoon with three large 
rubber bladders to be blown up with 
plant gas, on his theory that it would 
make them buoyant. These were for a 
transit shot a mile or so away for road 
survey work. We objected that it 
would not work, as plant (digester) gas 


had a specific gravity of about 0.88. 
Why not use hydrogen? No hydrogen 
was available. We blew up one of the 
bladders with plant gas from our pres- 
sure storage tank to satisfy him. Fi- 
nally, to be a good neighbor, we rigged 
up a Gooch filter flask with a rubber 
stopper and short tube, wrapped a 
towel around the flask, attached the 
balloon to the tube of a second Gooch 
flask to act as a trap, added some zine 
and hydrochloric acid, and held our 
finger on the tube to develop pressure. 
We blew the balloons up to some 18 
in. in diameter. The improvised stunt 
worked and both of us were happy. 


January 28—A class of eight from the 
nurses training school of St. Charles 
Hospital spent 2 hr. today in discussion 
and a plant visit. The public health 
aspects of water supply, sewage treat- 
ment, garbage disposal, milk, rats, flies, 
ete., were talked over. This is their 
one opportunity to get some idea of 
Public Health Engineering. 


February 3—Billed the Public Service 
Company for $348.00, with an explana- 
tory letter, to compensate for delay 
and trouble in cleaning an 8-in. sewer 
in River Street, after wasting 214 days 
time. We finally found out that the 
electric utility had set a pole exactly 
over the sewer, which was in the park- 
way, and then proceeded to drive a 
54-in. ground rod, some 12 ft. long, 
exactly through the center of the sewer. 
Fortunately, the tile only had two 
round holes, no breaks. When the next 
pole was set there they demanded that 
a Sanitary District man stand by some 
5) hr. as an inspector. 

We have always felt that too many 
routine records are not always enough. 
They, in time, serve useful purposes. 
Take the wind direction record, for 
instance. Ever since our odor suit 
we have kept an all-day, 2-hr., wind 
direction record, recorded at sampling 
time from a wind direction indicator 
placed in the laboratory. One day last 
fall the Park Board asked us if we 
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could tell the wind direction at noon 
some 10 days previously. We obliged, 
and asked what that was all about. 
On that day the Park Board was arsenic 
spraying a bridle path, with orders 
to cut off the sprays at noon. This 
they failed to do. As a result, a $2,200 
cow was killed and another fine cow 
and ealf were seriously injured, much 
to everyone’s embarrassment. The 
wind direction given fitted the story 
given to their insurance company and 
they collected in full. 


February 10—Today the District 
President and the Superintendent were 
appointed by the Mayor as members of 
a City Planning Commission. We were 
also assigned to the Executive Commit- 
tee, as were members from all other 
taxing bodies. This may well be a 
a two-year job demanding much time 
and adding responsibilities. 


February 15—Our highway ‘‘ Wel- 
come’’ sign has lasted for many years. 


It was made from white pine plank— 
it is doubtful if we could buy as good 
today. The letters were cut from stain- 


less steel, black enamel baked and 
mounted on under-letters cut from 
Masonite. It looked a bit frowsy and 
today we brought it in for a face lift- 
ing. It was generally in excellent con- 
dition, but the tops of the supporting 
posts showed some failure. We added 
the protection of two pyramid-shaped 
caps of stainless steel. It will still serve 
for many years. 


February 23—Addressed the local Ex- 
change Club on the subject of ‘‘ Adam’s 
Ale—Water.’’ Most folks think water 
is just something to drink and keep 
clean with. Actually, it is the most 
remarkable, unusual, and necessary 
fluid that exists. It is difficult to crowd 
into a half hour a bare outline of wa- 
ter’s role in all that affects man. 


February 26—The type of traction 
clarifier used at this plant has a grease 
skimming arm some 40 ft. long that 
is operated by a heavy weight and 
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chain. This morning and after some 
20 years, we found this chain broken— 
fortunately it did not catch in the plow 
system to do more damage. This neces- 
sitated dewatering the tank to make 
repairs. It was a good thing, for we 
found our flow directing baffles in bad 
shape and these were overhauled. 
Later, fluorescein dye tests were made 
on all three clarifiers. The tests checked 
the average suspended solids removal 
of 57.9 per cent for the months of 
January and February. Before these 
baffles were installed the three clarifiers 
were only removing some 30 to 35 per 
cent of the suspended solids, due to 
short circuiting. 


March 2—F or those who operate gas- 
fueled engines this note may contain a 
useful germ of instruction. Also, it 
is a lucky Superintendent who has 
nearby a_ well-informed salesman. 
Aurora’s two pump engines have an 
automobile starting system with bat- 
teries and starting motor. These bat- 
teries operate at 12 v. and have 81 
plates; they cost some $80 apiece. For 
some time we have felt that the 12 to 
15 months service they gave was not 
enough. Then one day a salesman of- 
fering 10- to 20-year life nickel-cadmi- 
um batteries gave us the idea of in- 
vestigating the possibility of battery 
elimination by the use of a selenium 
rectifier. This called for a battery test 
for demand output. Much to our sur- 
prise we got readings of 800 amperes. 
From this we found that the rectifier 
would cost $850 for a 500-amp. con- 
tinuous output instrument and that any 
higher amperage output would cost con- 
siderably more. Therefore, this idea 
was ruled out. Then we called in an 
excellent battery man. He made a 
thorough instrument check and came 
up with the statement that those bat- 
teries should give 2 to 3 years of serv- 
ice. He pointed out that we had two 
troubles—top leakage across the termi- 
nals and burning out of the batteries 
by over-charging. His remedy for the 
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former is to keep the battery tops 
cleaner ; for the latter, a small rheostat 
placed on the engine generator to cut 
its output to the batteries so as to 
equal more nearly the drain on the 
battery by the engine ignition and con- 
trols. 


March 15—Any sewer, interceptor or 
local, added to existing sewers in IIli- 
nois towns must have a state permit. 
which specifies that they may not re- 
ceive roof water, ground water, or 
storm water. On this fact hangs the 
following troublesome tale. 

A local housing development laid all 
its sewers under District supervision 
and the District gave them outlets to 
its system in Pleasant Place and Mont- 
gomery Road. All roof water was ex- 
cluded. Subsequently, a house on 
Pleasant Place at the junction with the 
housing project connection severely 
flooded after every heavy rain. Later, 
other basements in nearby houses were 
flooded, and finally one on Gates Street, 
a block away. This flooding had oc- 
eurred periodically over a period of 4 
to 6 years, causing protest to the Dis- 
trict. Meantime the housing develop- 
ment was also subjected to severe 
storm-water flooding from water on 
higher ground nearby. Throughout 


The driveway from the main road 
into the Birmingham, Mich., sewage 
treatment plant looks as if it might be 
a through road. Of course there is a 
sign at the entrance of the driveway 
that says ‘‘DEAD END—THIS IS 
NOT A THROUGH ROAD,” but no 
one pays any attention to signs. 
People who mistake the driveway for 
a through road drive in, only to be 
brought up sharp at the plant garage 
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PORTABLE POSTS PROTECT PLANT LAWN 
By R. GRINNELL 


Superintendent, Sewage Treatment Plant, Birmingham, Mich. 


July, 1954 


this period field surveys failed to un- 
cover the source of what it was confi- 
dently believed was storm water. Seal- 
ing of manhole covers did not help. 
Then one Sunday at 4 pm there was a 
2.3-in. rain that fell in 57 min. accord- 
ing to our plant recording rain gage. 
Even our President’s basement was 
flooded, as well as others all over town. 
All h—1 broke loose on Pleasant Place 
and Gates Street. A stormy meeting 


with the Board threatened damage 
suits. This resulted in a more drastic 
survey. The tank truck of the nearby 


village fire department was requisi- 
tioned and a crew of men systemati- 
cally tested every catch basin in the 
whole area with fluorescein dye. 

The result was to discover at least 
four cleverly concealed outlets from 
the backs of catch basin traps that led 
directly to the street sewer—all de- 
spite the several years of denial of such 
connections and what seemed to be co- 
operation to help locate the trouble. 
The connections were all dug up, and 
the tile broken and sealed with con- 
erete. No rains of sufficient volume or 
intensity have occurred since to test 
the thoroughness of the work. At least 
one more such connection is  sus- 
picioned. 


door. That exasperates them. Their 
first impulse is to get out of there as 
fast as possible and back out on the 
road. And the easiest way to do that, 
of course, is to take off right across the 
lawn. 

Now we don’t like that. We are 
proud of our lawn and like to keep it in 
first-class shape. And these exasper- 
ated people have made the plant crew 
a lot of work. 


: 
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How to stop them? A fence, and 
then a hedge, was considered, but 
neither was liked. Finally it was de- 
cided to use a row of fence posts set 
in the ground just close enough to- 
gether to keep a car from going 
through. 

But that idea had its disadvantages. 
In the damp soil fence posts rot off 
right at the ground and the part be- 
low ground has to be grubbed out to 
prevent it being a hazard to the lawn 
mower. Besides, a row of posts along 
the driveway would increase consider- 
ably the time spent hand trimming 
with the grass shears. There is too 
much of that now. It takes about 6 
hr. of steady plugging with a power 
mower to cut the lawn. After that it 
takes almost as long to trim around the 
buildings, trees, ete., with the hand 
shears. The help seem to enjoy run- 
ning the power mower, but they have 
to be driven to do the trimming. 

There is still another disadvantage 


to the posts: they are pretty solid. 
One could inadvertently back a car 
into one and do considerable damage 
to a bumper or a fender. 


FIGURE 1.—Solid appearing guard posts 
protect lawn from damage by cars turning 
around in dead-end plant driveway. 


LAWN GUARDS 


FIGURE 2.—Posts actually are dummies 
held in position by %-in. reinforcing rod 
jabbed in ground. They are removable for 
mowing lawn with power mower, eliminat- 
ing hand trimming. 


The problem was how to have all the 
advantages of a row of posts and none 
of the disadvantages. Figures 1 and 2 
show how it was worked out. Figure 
1 shows posts all in a row, solid as all 
get out. But Figure 2 reveals that they 
are pretty much a fraud. 

It is easy to see (Figure 2) how the 
‘*stage prop’’ lawn guards were made. 
A standard fence post was cut into 
three or four sections, then a 54-in. hole 
was drilled about 12 in. into the bot- 
tom and a piece of 5-in. reinforcing 
rod was driven into the hole. The rod 
should be about 30 in. long. 

It is also easy to see how the disad- 
vantages of a row of solid posts were 
overcome. The rotting out at the 
ground is not now a problem. And 
when the lawn needs mowing the posts 
are lifted out and set aside until the 
mower is past—and no hand trimming 
is required. And lastly, if someone 
should inadvertently back into one, he 
would just tip it over; but the exasper- 
ated people, of course, don’t know that. 
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INTERESTING EXTRACTS FROM OPERATION 
REPORTS 


Attention operators! It will be appreciated if copies of all annual reports of both large 
and small plants are sent to the Federation office for abstracting in this section of the 


Journal. Carbon copies of typewritten reports will be promptly returned on request. 
Please direct annual reports to: Federation of Sewage and Industrial Wastes Associa- 
| tions, Room 325, Illinois Bldg., Champaign, III. 


20th Annual Report of the Minneapolis-St. Paul (Minn.) Sanitary 
District for the Year 1952 * 


By Kerwin L. Mick 


Chief Engineer and Superintendent 


General 


The average flow for 1952 was 135.2 
m.g.d., establishing a new record for 
the second successive year, and repre- 
sents an increase of 3.3 m.g.d. from 
the 1951 flow of 131.9 m.g.d., with the 
maximum daily flow through the plant 
of 187.5 m.g. being received on June 
27. 

From an estimated tributary popu- 
lation of 907,000 in 1952, the following 
per capita values obtained: 


1. Sewage flow, 149 g.p.e.d. 

2. Suspended solids, raw sewage, 
0.32 lb. per cap. per day. 

3. B.O.D., raw sewage, 0.21 lb. per 
cap. per day. 


Assuming 0.17 lb. of 5-day B.O.D. 
per capita per day for domestic sewage 
only, the population equivalent of the 
sewage and wastes received at the plant 
during 1952 was 1,140,000, or 26 per 
cent greater than the estimated popu- 
lation of 907,000. Industrial wastes ac- 
count for the major part of this dif- 
ference, and according to these figures 
would amount to 20 per cent of the 
pollution load on the plant. 

In regard to the raw sewage strength 
as compared with 1951, the solids con- 


* For last previous extract see THIS JOUR- 
NAL, 24, 3, 331 (Mar., 1952). 


tent increased with the total solids 
averaging 765 p.p.m., and the sus- 
pended solids 256 p.p.m., compared to 
750 p.p.m. and 251 p.p.m., respectively, 
in 1951. The B.O.D. decreased to 172 
p.p.m. in 1952 compared with 184 
p.p.m. in 1951. This may have been in 
part due to dilution of the sewage from 
the extreme thaw and wet weather con- 
ditions experienced in the early spring 
and summer. 

The extreme ranges in raw sewage 
strength during the year are also of 
interest, in contrast with the average 
values. The B.O.D. was at a minimum 
of 53 p.p.m. on Sunday, March 30, due 
to the dilution of the normally weak 
Sunday sewage by heavy thaw flows 
and runoffs into the sanitary system. 
The maximum B.O.D. of 330 p.p.m. oe- 
curred on Wednesday, October 8. In 
terms of suspended solids the raw sew- 
age strength was at a minimum of 96 
p.p.m. on Sunday, August 31, and a 
maximum of 840 p.p.m. on June 13, 
when the sewage contained unusual 
quantities of solids flushed through the 
interceptor sewer by an _ extremely 
heavy rain during most of the day. 


Sludge Conditioning and Filtration 


In 1952 the chemical dosages re- 
quired to condition the sludge for fil- 
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tration show a marked increase, es- 
pecially during July, August, and Sep- 
tember, as compared with 1951. Even 
if chemical prices had remained the 
same in both years, the chemical cost 
per ton of sludge solids filtered was up 
18.7 per cent in 1952 over 1951. In- 
creased difficulty was experienced with 
blinding on the filter cloths, necessitat- 
ing more frequent washing and acid 
baths. This is believed to be prin- 
cipally the result of an increasing con- 
tent of oils, fats, and greases (and 
perhaps detergents) in the sludge and 
is tied in with the increasing difficulty 
being experienced in moving the sludge 
through the pipe lines. This first be- 
came noticeable about four years ago 
when deposits began to build up on 
the walls of the pipe lines. Since that 


time, it has been necessary to scrape 
out these deposits at intervals ranging 
from five months down to six weeks. 
At first this periodic cleaning of the 
pipe lines was necessary only in the 


two 8-in. lines between the raw sludge 
pumps and the concentration tanks, a 
distance of about 320 ft. Later the two 
6-in. lines from the concentration tanks 
to the bucket elevators, a distance of 
150 ft., had to be cleaned two to three 
times a year, whereas formerly they 
were cleaned once a year or less. Late 
in 1952 these two 6-in. lines were re- 
placed with 8-in. pipe. 

The deposits on the walls of the pipe 
lines occur only on the discharge side 
of the raw sludge pumps, no deposits 
having occurred in the suction lines to 
the pumps. Perhaps the churning ac- 
tion in these piston pumps, under pres- 
sure, together with the increasing 
grease content of the sludge, has re- 
sulted in a separation of greasy ma- 
terial, which then adheres to the walls 
of the pipe. 

An average of 318 tons of filter cake 
was produced daily, containing 102 
tons of dry solids. The total quantity 
of wet filter cake produced during 
1952 was 105,098 tons. The quantity 
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of sludge produced was considerably 
higher than antipicated at the time of 
design, when it was expected that an 
average of 76 tons of dry sewage solids 
would be removed daily. The in- 
creased quantity is due to higher sew- 
age strength and greater removals by 
the plant than originally anticipated. 


Maintenance and Equipment Changes 

New steel wire screens were installed 
on filters No. 1, 2, 4, 6, 7, and 8, and 
new wood division and drainage strips 
on filters No. 1, 2, 4, and 6. The aver- 
age life of the screens is approximately 
18 months due to loss of metal during 
acid baths. 

The agitator top rollers and bearings 
were replaced on filters No. 1 to 6, in- 
elusive. It was necessary to replace or 
sleeve some of the agitator arms when 
corrosion had weakened or made holes 
in them. A new wash-water trough 
was installed on filter No. 2. 

The bearings and gears were re- 
placed in the gear reducer of bucket 
elevator No. 1. 

The north collector belt was replaced 
this vear after more than seven years 
of service and after several patches and 
splices had started giving way. A new 
gear motor was installed in the south 
sludge cake leveler. 

A new air and vacuum impulsed 
diaphragm pump was installed to pump 
ferric chloride from the outside stor- 
age tank to the two 1,000-gal. storage 
tanks on the feeder floor. 

The collector chain, drive chain, and 
two flights were replaced in the west 
sludge concentration tank. The 8-in. 
sludge inlet pipe in the east coneentra- 
tion tank was revised for easier clean- 
ing. The collector chain in the east 
coneentration tank was turned over, at- 
tachment links replaced, and seven new 
flights installed. 

The maintenance work on the four 
incinerators was minor except for the 
button bearing at the bottom of the 
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central shaft on No. 3 incinerator. To 
replace this, it was necessary to jack 
up the entire central shaft and rabble 
arms, then dismantle the cooling air 


housing. Two 20-ton jacks and a spe- 
cial beam section were used in the 
raising of the central shaft. Two 


rabble arms were replaced with old 
rebuilt arms and two rabble teeth 
were replaced with two used teeth. 

The inner lining of the chimney was 
repaired by a contractor this year. 
The top 8 ft. of acid-resistant brick 
were replaced. 

The exterior brick and stone of all 
the buildings was pointed up this year. 


Item Average 

Rainfall (in.). 23.66 
Est. tributary population. . 907,000 
Equiv. pop... . 1,140,000 
Sewage flow (m.g.d.) 135.2 
Screenings (cu. ft./m.g.) 0.7 
Grit removal: 

Amount (cu. ft./m.g.) 1.6 

Volatile solids (%) 8.1 


Dissolved oxygen (p.p.m.): 
Raw sewage 5 
Settled effluent 
Settling tank detention (hr.) 
B.O.D., 5-day: 


Raw sewage (p.p.m.) 172 
Settled effluent (p.p.m.) 103 
Removal (%) 40.1 
Suspended solids: 
Raw sewage (p.p.m.). 300 
Settled effluent (p.p.m.).. . 77 
Removal (%)..... 74.0 
Settleable solids: 
Raw sewage (ml./l.).... 5.9 
Settled effluent (ml./1.). 0.24 
Removal (%). . 95.3 
Volatile solids (%): 
Suspended, raw sewage. “1,1 
Susp., settled effl....... 73.4 
Total, raw sewage...... 46.2 
Total, settled effi... 38.2 
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TABLE I.—Summary of Operating Data for 1952 at Minneapolis-St. Paul, Minn. 


* Ferric sulfate used, but calculated to equivalent FeCls. 
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The 16-year-old underground oil 
tank serving the Administration Build- 
ing sprang leaks. A new, smaller tank 
with float control was installed in the 
tunnel area near the boiler room. 

Several pumps of all types were com- 
pletely overhauled. The planned pre- 
ventive maintenance of equipment, es- 
pecially motors, motor controls, and 
relays, has resulted in few emergency 
break-downs. There are more than 325 


motors, ranging to 75 h.p.; 400 or more 
breakers; and many relays and auto- 
matic equipment in the plant. 

Table I is a summary of the plant 
operating data for 1952. 


Item Average 


Raw sludge: 
6.0 


Total solids (%).. . 7.8 
Volatile solids (%). . 68.3 
Thickened sludge: 

pH. . 5.8 
Total alkalinity (p.p.m.). . 1,000 

Total solids (%). . 8.7 
Volatile solids (%). 68.5 

| Filter cake: 

Total solids (%). . . 32.0 
Volatile solids (%)......... 65.3 
Produced (wet tons/day). . 317.5 
Produced (dry tons/day). 101.6 


Conditioning chemicals: 
CaO (Ib./100 Ib. dry sol.)........ 3.02 


FeC];* (Ib./100 Ib. dry sol.) 1.22 
Sludge filter rate: 
Wet cake (Ib./sq. ft./hr.)......... 9.4 
Wet cake (lb./sq. ft. filter 
Incineration: 
Combustibles (tons/day)......... 65.0 
Moisture evap. per ton of com- 
bustibles (tons)............... 3.4 
Ash produced (dry tons/day)... .. 35.7 


Power (kw.-hr./ton dry sol.)...... 9.3 


Fuel oil (gal./ton dry sol.)........ 0.57 
Filter cake disposal : 

For fertilizer, total (dry tons)..... 683.5 

Incinerated (dry tons/day)....... 99.5 
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Annual Report of the Bureau of Sanitation, Los Angeles, Calif., 
for the Fiscal Year 1951-2 


By Warren A. SCHNEIDER 


Waste Disposal Engineer 


General 


The Los Angeles Bureau of Sanita- 
tion consists of an Administration Di- 
vision, a Refuse Collection Division, a 
Sewer Maintenance Division, and an 
Incineration Division. In addition, the 
operation of the Hyperion sewage 
treatment plant has, since May 1, 1952, 
been a function of this Bureau, with the 
new Sewage Treatment Division respon- 
sible for such operation. The Sewer 
Maintenance Division is supervised by 
Alvin A. Appel, Sewer Maintenance 
Superintendent ; the Sewage Treatment 
Division, by Geoffrey A. Parkes, Engi- 
neer Superintendent. 


Terminal Island Plant 


For the disposal of sewage from the 
Harbor area, a treatment plant is op- 
erated at Terminal Island by the Sewer 
Maintenance Division. After primary 
treatment and separate sludge diges- 
tion, the effluent is disposed of into the 
ocean through a 30-in. cast-iron pipe 
outfall 1,000 ft. long. The design ca- 
pacity of this plant is 7 m.g.d. During 
1951-52 the average flow was 5.8 m.g.d., 
which is 83 per cent of design capacity. 


After digestion, the sludge is dried on 
sand beds and sold for low-grade ferti- 
lizer. 

The gas produced from the digestion 
of the sludge is stored and used to heat 
the digesters and for incineration of 
bar screenings. 

In May 1952, the sludge collector 
equipment in the clarifier was replaced 
at a cost of $18,000, after 16 years of 
continuous operation. In conjunction 
with the replacement of the old equip- 
ment, a cathodie protection system was 
installed to protect the new equipment 
from corrosion and electrolytic action. 


Operating data for 1951-2 are sum- 
marized in Table IT. 
Hyperion Plant 

The Hyperion sewage treatment 


plant, situated on the shore of Santa 
Monica Bay near El Segundo, serves 
an estimated population of 2,350,000 
residents of Los Angeles and certain 
adjacent cities. The sewage flow to 
the plant during the year averaged 
219 m.g.d. With the normal growth in 
population and continued extension of 
sewers into currently unsewered dis- 


TABLE II.—Summary of Operation Data, Los Angeles Terminal Island 
Sewage Treatment Plant for the Fiscal Year 1951-2 


Item Average 
Sewage flow (m.g.d.)... 5.66 
Suspended solids (p.p.m.): 
Raw sewage. 392 
Removal (%).. 51.6 
Settleable solids (ml. Nn. ): 
Raw sewage . 11.1 
78.4 
Sludge (g.p.d.). 19,069 
Solids (%). 5.9 
Digester temp. (CF. 92.5 
Dig. loading (Ib. dry soi. ii. /day) ee 9,457 
* Maximum day, 177,600 cu. ft. 
\ 2 \ 
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Item Average 
Gas produced (cu. ft./day). . 81,138* 
Gas used for heat (cu. ft. /day).. 18,000 
Volatile solids (%): 
Digested sludge.............. 51.9 
Operating costs ($): 

40,378 
670 
Miscellaneous.................. 3,468 
23.25 
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tricts, both of these figures are on the 
increase. In this connection, it is esti- 
mated that by 1954 the flow of sewage 
will have reached the present design 
capacity of the plant at 245 m.g.d. It 
should be noted that when the nominal 
designed capacity of the plant has been 
reached, the plant can continue to treat 
sewage at a considerably increased rate 
without serious impairment of the effi- 
ciency. In fact, operating experience 
has proven that most of the units of 
the plant can treat sewage and sludge 
in considerably greater quantities than 
was anticipated at the time of design. 
Only the secondary treatment sections 
of the plant will require expansion in 
the immediate future. 

The Hyperion plant represents a to- 
tal capital outlay of approximately 
$43,000,000, and for the fiseal year 
1951-52 required an operating budget 
of $1,645,756. The number of employ- 
ees varied through the year, but aver- 
aged 286 in all classes. 

Detailed descriptions of the design 
and construction of the plant have been 
published elsewhere, but for purposes 
of reference may be described herein 
as comprising the following: bar 
screens, detritors, pre-aeration, primary 
settling, secondary treatment consist- 
ing of aeration, final settling, chlorina- 
tion, and disposal at sea through a 
submarine outfall 1 mi. long. Sludge 
handling facilities consist of: digestion, 
gas collection, elutriation, vacuum fil- 
tration, heat drying, and sacking of 
fertilizer for sale. All plant power 
and aeration air is produced in the 
power plant, where digester gas is the 
principal source of fuel in gas diesel 
engines. 

Although the plant was operating 
on a plain aeration basis for most of 
the year, the over-all removals of sus- 
pended solids and 5-day B.O.D. were 
surprisingly good, being nearly 70 per 
cent in both cases. Chlorination was 
practiced only during the summer bath- 
ing season and was discontinued during 
the winter months. 
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The over-all reduction of volatile 
matter accomplished by digestion is 
shown to be 55.2 per cent, while gas 
production averaged 18.2 cu. ft. of gas 
per pound of volatile solids reduced. 
The plant is entirely self-sustaining in 
terms of power source, approximately 
94 per cent of the total fuel used be- 
ing digester gas. Waste heat from the 
engines and exhausts is recovered in 
the form of steam, which is used to 
heat the digestion tanks by direct in- 
jection. 

When the secondary treatment proc- 
esses were first placed in service in 
May 1951, large masses of froth were 
formed when the air was applied at 
the rate required for treatment. This 
unexpected difficulty, which has sinee 
been reported at many other sewage 
treatment plants, is believed to have 
been caused by the extensive use of 
synthetie detergents in homes and in- 
dustry. Hand hosing of the foam 
proved ineffectual and masses of foam 
were carried by the sea breeze into 
adjacent communities with resulting 
complaints. The immediate solution 
was to reduce the air supply to the 
aeration tanks and place the secondary 
treatment on a plain aeration basis. 
Construction of an extensive system of 
water sprays and the intermittent use 
of anti-foam chemicals has brought this 
vexatious condition under control, and 
by May 1952 permitted the high-rate 
activated sludge process to be put into 
operation. 

An unexpectedly high air demand 
has been experienced at this plant, be- 
ing in the order of 0.75 eu. ft. of air 
per gallon of sewage, as compared with 
the 0.53 eu. ft. used in design. This is 
probably due not only to the fact that 
the sewage received at the plant is 
relatively strong, but also to the fact 
that the time of flow in the very lengthy 
sewer system of Los Angeles results in 
the sewage arriving at the plant in a 
stale condition, devoid of dissolved oxy- 
gen and bordering on septicity. 
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Sludge Filtration Experiments 


Although by ordinary criteria sludge 
digestion has been satisfactory, di- 
gested elutriated sludge has produced 
very low yields with high coagulant 
demands in the mechanical dewatering 
operation of the vacuum filters. This 
difficulty was first believed to be caused 
by unskillful operation of the filters 
themselves or by incorrect selection of 
filter blanket materials. Extensive ex- 
perimentation both in the plant and the 
laboratory, however, proved that long- 
nap woolen blankets are the best suited 
for this purpose. In an endeavor to 
determine whether the problem was 
basically one of digestion, variations in 
the digestion processes were tried 
throughout the year in selected tank 
groups. These variations included 
ranges in detention time between 20 
and 70 days, tank temperatures at 85°, 
95°, and 120° F., single-stage, two- 
stage, and three-stage digestion, and 
concentrations of elutriated sludge. 
The effects of these process variations 
on vacuum filtering rates were incon- 
clusive. However, one outstanding con- 
clusion was derived from these experi- 
mental operations in that digester 
loading could be increased far beyond 
the design rates without detrimental 
effect upon digester operation. In fact, 
it was discovered that troublesome 
scum formations were eliminated by 
high digester loading rates. 

In January, the use of hydrated lime 
in addition to ferric chloride was be- 
gun in an effort to improve filter op- 
eration. The cost of the lime was offset 
by the reduced use of ferric chloride, 
and increased filter yields indicated 
promising results. However, rapid 
clogging of filter cloths and the re- 
duced nitrogen content of the finished 
fertilizer product caused abandonment 
of this process at the end of March. 

The final fertilizer product produced 
by the flash drying system has proven 
to be extremely fine and dusty, and de- 
signs have been underway for the in- 


EXTRACTS FROM OPERATION REPORTS 


917 


stallation of equipment to pelletize and 
eranulate this material, in which form 
it is believed that it will be more ac- 
ceptable to the ultimate consumer. 
Pending the installation of this equip- 
ment, the entire output of non-pelleted 
fertilizer has been sacked and sold un- 
der an interim contract to a fertilizer 
dealer. 

A large number of different types of 
filter cloths have been tested. These 
include most of the new synthetic 
fibers, both spun and extruded, glass, 
and many types of weaves in synthetics, 
cotton, and wool. However, the pres- 
ently used wool blankets seem to be 
indicated as best at this plant if the 
present price levels continue and if 
other fabrics are available only in 
sewn cloths. A great deal of informa- 
tion of substitute cloths is available if 
the wool blankets cannot be obtained. 

As part of the filter cloth investiga- 
tion, methods of cloth cleaning were 
tested and developed. At present, the 
under filter drums are filled with in- 
hibited 10 per cent hydrochloric acid 
and the drums are revolved in the acid 
for about 3 to 4 hr. During this pe- 
riod the blow portion of the eycle is 
in operation so that back-washing is 
accomplished. The cloths are restored 
to about 80 or 90 per cent of their 
original condition. No cheaper or bet- 
ter method has been developed, al- 
though experiments with detergent ma- 
terials in the laboratory indicate that 
methods using detergents and acid may 
be desirable. Experiments concerning 
this are being conducted. 

Various types of precoating ma- 
terials were tested to see if precoat fil- 
ters would be of value at this plant. 
It was found that diatomaceous earth 
precoats were effective and could com- 
pete with cloths in cost and production 
if the filters were equipped for such 
operation. Since considerable costs 
would be involved in filter conversions 
and since no substantial increase in 
rate was found, precoats are not indi- 
eated for this plant. The advantage 
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of the precoat filter is the ease of plac- 
ing the filter media and the fact that a 
constantly fresh filter surface is avail- 
able. 

Tests showing the effect of elutriated 
sludge concentration on filtration were 
made in the laboratory and on a pilot- 
plant scale. These indicated that sub- 
stantial increases in filter rate would 
occur. When tried on a plant seale, 
it was found that co ition in large 
tanks took so substantial 


long that 


TABLE III. 
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amounts of alkalinity developed, with 
a consequent increase in coagulant de- 
mand and decrease in filterability. 
The effect of high temperature (120° 
KF.) sludge digestion on sludge filter- 
ability and coagulant demand was thor- 
oughly tested on a laboratory scale. 
This showed that a very different group 
of organisms developed at the high 
temperatures and that the resulting 
sludge had fewer fine solids and less 
organie nitrogen, but filtered well. 


Summary of Operation Data, Los Angeles Hyperion 


Sewage Treatment Plant for the Fiscal Year 1951-2 


Item Average 
2,350,000 
218.67 

Gal./cap./day.... 93 
Grit removed (cu. ft./m.g.) 263 
Pre-aeration time (min.).. 33 

Air supply (cu. ft./gal.) 0.08 
Sed. tanks, det. period (hr.) 1.24 

Flow (g.p.d./sq. ft.). 2,193 

Skimmings (cu. ft./m.g.) 22.8 
Aeration tanks, det. period (hr.) 3.24 

Air supply (cu. ft./gal.) 0.53 

Diss. oxygen, effl. (p.p.m.).... 2.4 
Final tanks, det. period (hr.). . . 1.95 

Flow (g.p.d./sq. ft.)... 1,400 
Settleable solids: 

Raw sewage (ml. /I.) 

Settled (ml./l.).. 

Removal (%) 
Susp. solids: 

Raw sewage (p.p.m.). 

Volatile (%) 

Settled (p.p.m.) 

Mixed liquor (p.p.m.) 

Ret. sludge (p.p.pm.) 

Final effl. (p.p.m.)... 

Removal. . 
B.O.D., 5-day: 

Raw sewage (p.p.m.). 

Settled (p.p.m.) 

Final effl. (p.p.m.) 

Removal (%) 


Est. trib. population 
Sewage flow (m.g.d.).. 


Grease: 
Raw sewage (p.p.m.) 
Settled (p.p.m.). 
Chlorine demand: 
Raw sewage (p.p.m.)... 19.1 
Final effl. (p.p.m.) 9.7 
Removal (%).. 49.2 
Chlorine used, total (tons 1,704.8 


1 Average of 11 months. 
? Average of 10 months. 


| Operating costs ($): 


Item Average 

Raw sludge: 

To digester (m.g.d.). . 
Solids (%).... 

Vol. solids (%).... 
Solids, dry (Ib./day) 
Solids, vol. (Ib./day).. 

Digested sludge: 

Withdrawn (m.g.d.)... 
Solids (%)...... 
Solids, dry (Ib./day)... 

Supernatant: 

Withdrawn (m.g.d.). . 
Solids (%).... 
Solids, dry (Ib./day) 

Gas prod. (1,000 cu. ft./day). . 
Cu. ft./Ib. vol. sol. red. 

Elutriated sludge: 

Withdrawn (m.g.d.) 
Solids. eee 
Solids, dry (Ib. /day) 

Vacuum filtration: 

Filter operation (hr./mo.).. 
Cake, wet (tons/day) 
Solids, dry (%) 

Solids, dry (tons/day)... 
Yield (Ib./sq. ft./hr.). 
FeCl; (%).. 

Sludge drying and incin.: 
Operation time (hr./mo.) 673 
Moist. evap. (tons/day). 209.415 
Sludge dried (tons/mo.) 1,833 
Sludge incin., total (tons). . 54.2 


1.15 
6.41 
74.5 
596,200 
442,700 


0.59 
3.70 
185,300 


0.53! 
2.59! 
117,600! 
4,395 
18.2 


374 
4.30 
132,500 


1,870 
270.69 
27.3 
74.15 
1.59 

5.548 


Salaries. .... 

Materials and supplies. 
Total, gross..... 
Revenue, fert. sales. . 
Total, net. 
Net per m.g. treated... 
Net per capita per yr 


1,052,559 
572,784 
1,625,343 
114,051 
1,511,292 
18.90 
0.64 


3 Lime also used during Jan., Feb., and Mar. 1952. 


* Based on operating days only. 
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Plant-scale tests confirmed the labora- 
tory work. Tests were then made with 
mixtures of 120° F. and 85° F. digested 
sludge and it was determined that it 
was possible to obtain mixtures which 
gave improved filterability and low co- 
agulant demand with adequate organic 
nitrogen content. Experiments were 
made filtering mixtures of return acti- 
vated sludge and 120° F. digested 
sludge. This was shown to be feasible 
on a plant-seale test. 

A number of new coagulating agents 
were tried. These included the acrylic 
polymers like Monsanto Chemical Com- 
pany’s ‘‘Krillium,’* American Polymer 
Company's ‘‘Agrilon N,’’ and similar 
material from American Cyanamid 
Company, and Carbide and Carbon 
Chemicals. It was found that the 
Monsanto and American Polymer ma- 
terials were promising and should be 
considered for plant use if price levels 
dropped. Adding these polymers fol- 
lowed by ferric chloride produced 
yields as high as 15 lb. per square foot 
per hour. If the present $1.00 per 
pound price drops, these materials 
should become of great interest. 
Other coagulants tried included: 


1. Ammonium lignin sulfonate. 
2. Waste sulfite and sulfate liquor 
by-products : 


1952 


The year 1952 was more or less the 
guidepost for operating cost at the 
sewage treatment plant. Pumping 
and treatment remained about the 
same, with cost for sludge treatment 
going up. Sludge drying equipment 
started with a drying schedule of 8 hr. 
per day in January, increasing to 20 
hr. per day in November and December. 


EXTRACTS FROM OPERATION REPORTS 


lst and 2nd Annual Reports of the Fond du Lac, Wis., Sewage Treatment 
Plant for the Years 1952 and 1953 


By C. W. BoGENHAGEN 


Superintendent 
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(a) Orzan SL-45 (Crown Zeller- 
bach). 

(b) Orzan L-50 (Crown Zeller- 
bach). 

(ec) By-Lig (Monsanto). 

(d) Indulin C. 


Activated carbon. 
4. A large number of other proprie- 
tary chemicals. 


A total of 1,000 different filtration 
tests were made during the year. These 
have opened avenues of further investi- 
gation which will have to be pursued 
in the coming years. However, a much 
better understanding has developed of 
the problems to be overcome, and 
methods of approach to these problems 
which give much hope of their solution 
have become apparent. Much basic re- 
search must still be accomplished, but 
the problem does not look as formidable 
as it did at the beginning of the year. 

In general, the operating results of 
the plant have been highly satisfactory. 
The standards set by the California 
State Department of Public Health 
with respect to beach pollution have 
been fully maintained and operations 
conducted in such a manner that basic 
plant objectives have been reached. 
Operating data are summarized in 
Table ITI. 


This required two extra men for the 
department. Another man also was 
added part time to the incinerator 
staff to take care of the 45-hr. week 
that went into effect in November. 

A full year of weather data was kept 
showing a total precipitation of 28.59 
in. A temperature of — 18° F. was the 
coldest on record. The warmest day 
was July 12, when a high of 94° was 
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recorded. ‘There were five days of be- 
low zero temperatures and seven days 
of 90° or above. A total of 43.03 in. 
of snow fell during the year. 

Average flow at the plant was 3.64 
m.g.d. on domestic ; 0.55 m.g.d. for the 
tannery; for a total average of 4.19 
m.g.d. Total storm water by-passed at 
the old pumping station amounted to 
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67.20 m.g. From the total pumpage of 
1,593.02 m.g., 1,690 tons of dry sewage 
sludge were produced. 

Gas production averaged about 1.52 
cu. ft. per person per day for the city 
of Fond du Lac, against a national av- 
erage of 0.75 cu. ft. per person per day. 
This inerease is due to solids from the 
tannery and also additional garbage 


TABLE IV.—-Summary of 1952 and 1953 Operating Data for the 
Fond du Lac, Wis., Sewage Treatment Plant 


Item 
Population served 
Rainfall (in.)...... 
Sewage flow treated: 
Total (m.g.d.)... 
Domestic (m.g.d.).. 
‘Tannery (m.g.d.).... 
Per capita (g.p.d.).... 


Screenings, tannery: 

Per m.g. (cu. yd.) 

Grit, total (cu. yd.)..... 
Per m.g. (cu. yd.)...... 
Solids (%)..... 
Volatile (%)... 

Settleable solids (p.p.m.): 
Domestic...... 
Combined......... 
Kffluent...... 
Reduction (%)......... 

Suspended solids (p.p.m.): 
Domestic... 

Tannery... 

Combined 

Reduction (%)....... 

B.O.D., 5-day (p.p.m.): 
Domestic. . 

‘Tannery 
Combined 


fluent 

Reduction (%). 
pH: 

Domestic 


Combined........ 
Effluent. . 
Raw sludge........ 


Gas prod., total (mil. cu. ft.).......... 


Per capita (cu. ft./day)... 
Per m.g. sewage (cu. ft.)... 


' Based on 346 days. 


Average 


1952 1953 
29,918 29,936 
28.59 22.06 
4.19 4.04 
3.64 3.47 
0.55 0.60! 
122 135 
433 209 
790 ] 
261 372 
1.74 0.25 
59 58 
45 12 
20.5 17 
29.4 26 
30.0 22 
0.38 0.59 
OS Q7 
995 1,040 
S90 1,630 
832 1,690 
134 47 
S4 
228 209 
472 187 
172 259 
l 433 
91 
7 ia 
9.9 9.5 
8.7 8.1 
8.2 79 
16.49 16.25 
1.52 1.49 
10,800 11,100 
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GOURD BIRD HOUSES 


TABLE IV.-—(Continued) 


Item 


Vacuum filters: 


Run monthly 


Run per work day (hr.)..... 
Rate (Ib./hr.).... 
Sludge filtered, total (m.g.)... 
Solids (%) 
Cake moisture (%)..... 
Dry 
Dry solids (%)......... 
CaO, total (tons)............. 
FeCls, total (tons)............. 
Fuel oil used, total (gal.)........ 
Operating costs ($): 
Salaries 
Light and power 


Equip. maint. and repairs. . . 
Build. and grounds maint.... 
Miscellaneous......... 
Total... 


* Total for two filters 6 ft. by 8 ft. 


vrinders being installed in the city. A 
total of 16,488,687 cu. ft. of sludge 
gas was produced during the year. 


1953 


In 1953 the cost of sewage treatment 
plant operation increased due to wage 
increases, repairs, and a full year of 
sludge filtering and drying, with op- 
eration costs for the pump stations and 
the incinerator staying about the same. 

Low precipitation was reflected in a 


Average 


2,093.4 
84 
232 318 
38.75 54.25 
28,353 52,771 


56,038.41 
13,959.34 
1,032.73 
1,095.54 
25,762.91 
2,151.46 
1,583.30 
101,633.69 


63,532.57 
15,450.51 
753.95 
1,293.91 
37,736.69 
346.35 
1,694.28 
120,808.26 


reduction in peak and average flows. 
As a result, only 48.87 m.g. of storm 
water were by-passed at the old pump- 
ing station. Also, with additional dry- 
ing hours, 2,093 tons of dry sludge were 
produced from the 1,474.54 mg. 
treated. 

Gas production averaged about the 
same as for the previous year at 1.5 
cu. ft. per person per day, or 11,10€ 
cu. ft. per m.g. of sewage treated. 

Operation data for 1952 and 1953 
are summarized in Table LV. 


WRENS ENLISTED IN FIGHT ON FILTER FLIES 


By Roy 


Superintendent, Sewage 


lf an experiment now being carried 
out at the Hays, Kans., sewage treat- 
ment plant is suecessful, gourds grown 
on the plant grounds may indirectly 
prove to be the answer to the plant’s 
filter fly nuisance problem. D.D.T. has 
been used at the plant with success in 
the past to control the Psychoda, but 
seems to be becoming less effective. 


Treatment Plant, Hays, Kans. 


The whole scheme was conceived 
when it was noticed that the wrens 
visiting the plant from nearby Big 
Creek feed on the adult-Psychoda flies, 
and that they might even eat the larvae 
if not frightened off the filter media by 
the rotary distributor arms. Casual re- 
search revealed that insects comprise 
90 per cent of a wren’s diet, whereas 
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FIGURE 1.—Inexpensive wren houses made from gourds will be hung about grounds 


of Hays, Kans., sewage treatment plant in the hope that the nesting birds will reduce the 


Psychoda population. 


the diet of most other birds includes 


more seeds and less insects. 

An attempt is being made, therefore, 
to attract wrens to take up residence 
at the plant so that they will keep down 
the fly population. The means of pro- 
viding housing for enough birds to be 
effective are simple and_ practically 
without cost. The houses (Figure 1), 
made from dried gourds grown on the 
plant grounds, are hung from trees, 
fences, and other suitable supports on 
and close to the plant grounds. The 


vourds are decorated in bright colors 
or left in their natural hue, but are 
protected from weathering by enamel- 
A %-in. di- 


ing or varnishing them. 


Sewer Blast Cause 


(Photo courtesy Hays (Kans.) Daily News.) 


ameter entrance hole will admit wrens 
and exclude other birds. Cleaning of 
the houses is simplified by eutting a 
large hole for that purpose in the bot- 
tom and then wiring the cutout back in 
place for the nesting season. 

The gourd bird houses have attracted 
much attention locally and a consider- 
able quantity of plant-grown gourd 
seed has been packaged and given away 
to visitors. Whether or not the wren 
enlistment effort results in the 
filter fly control program, it has cer- 


gets 


tainly proven to be a wonderfully suc- 
cessful venture in the realm of publie 
relations. 


TIPS AND QUIPS 


injuring 64 others, besides doing dam- 


age estimated as high as $6,000,000, has 
indicated the primary cause of the 
blast as having been flammable indus- 
trial wastes, or gasoline leakage from 


A three-man engineering committee 
investigating a sewer blast that oe- 
curred in Cleveland, Ohio, on Sep- 
tember 10, 1953, killing one person and 
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filling stations, or both. The findings 
were submitted in an 84-page report to 
Cuyahoga County and the cities of 
Cleveland and Lakewood, Ohio, by the 
special committee comprising profes- 
sors George E. Barnes, George W. 
Blum, and Leon W. Weinberger, all of 
Case Institute of Technology. 

According to the report, the entire 
district is over an old natural vas field 
and leakage from the abandoned wells 
has long caused an odor or nuisance, 
petroleum seeps underground from the 
native shale underlying the area, spill- 
age or leakage of flammables may have 
occurred, and potentially hazardous in- 
dustrial wastes enter the sewage flow 
every day from the 194 establishments 
in the district using flammables. The 
report recommends elimination of the 
nuisances and hazards from the old 
gas wells and that the resources of the 
city be organized to improve the sew- 
age and industrial waste disposal sys- 
tems. 


Flush Tank Elimination 


Flush tank manholes are gradually 
disappearing from Kansas sewer sys- 
tems according to a panel discussion 
during the recent 1954 annual joint 
meeting of the Kansas Sewage and In- 
dustrial Wastes Association and the 
Kansas Section, American Water 
Works <Assoviation. The diseussors 
pointed out that these devices, besides 
being unnecessary, are potentially 
dangerous to the water system, waste 
precious water, and add unnecessarily 
to the hydraulic load at sewage treat- 
ment plants. 


Off-Peak Sewage Discharge 


Glendale Center, claimed to be 
planned as the largest shopping and 
community center to be constructed in 
Indiana, will utilize an uncommon 
method of disposing of its liquid 
wastes. Located about 814 mi. north- 
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east of downtown Indianapolis, the 
Center will house approximately 45 
air-conditioned stores, including a 
branch of Indianapolis’ oldest and 
largest department store. 

One of the major problems in de- 
veloping a modern shopping center is 
in making adequate provision for sani- 
tary sewage disposal. The sewage re- 
quirements of the Center aetually will 
be less than one-half of the demand 
which would have been created by a 
typical residential development cover- 
ing the same area. For example, the 
45-aere Center will have a maximum 
daily discharge of 112,000 gal. of sani- 
tary sewage, occurring on special sale 
days and at Christmas time. Normal 
daily flows would be about 67,500 gal. 
By contrast, a typical residential de- 
velopment of the same acreage would 
develop 247,000 g.p.d. of waste. 

However, even the discharge of 
112,000 gal. during a normal day would 
upset the existing facilities. To pre- 
vent this from happening, Glendale 
will discharge its sanitary sewage be- 
tween the hours of midnight and 5 
AM, When home water consumption is 
a minimum. To achieve this, the de- 
velopers will build a sewage impound- 
ing reservoir of 225,000-gal. capacity. 

As another safeguard to protect the 
municipal sewage system during rainy 
and stormy seasons, automatie controls 
will be installed to prevent the pump- 
ing of normal waste from the Center 
into the sanitary system at such times. 
Storm-water and drainage systems of 
the Center will be completely separate 
from the sanitary system. 


Texas Operator Certification 


During 1953 the Bureau of Sanitary 
Engineering, Texas State Department 
of Health, received a total of 301 ap- 
plications for sewage works operators’ 
certificates of competency and issued 
303 such certificates. The numbers of 
each grade of certificate issued during 
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1953 and in foree on Aucust 
were as follows: 


No Ne 
Certificate Issued Valid 
Grade A 2 30 
Grade B 1] 90 
Grade B renewal 
Grade C 173 553 
Cirade C renewal 80 — 


Infiltration Control Data Wanted 


All who are interested in and who 
wish to contribute to the improvement of 
sewer construction practice again are 
urged to respond to the questions out- 
lined by the Committee on Infiltration 
Control Practice of the Pacifie North- 
west Sewage and Industrial Wastes 
Association (see THis JourNAL, 26, 1, 
27; Jan.; 1954). The Commitee hopes 
to develop a report of practical use 
to all concerned, and will furnish a 
copy to each contributor. 


Steel Structures Painting Manual 


Under the title ‘‘Good Painting 
Practice,’’ the first of two volumes of 
the ‘‘Steel Structures Painting 
Manual’’ was recently published by the 
Steel Structures Painting Council, 4400 
Fifth Ave., Pittsburgh, Pa. The 432- 
page volume describes the best cur- 
rent surface preparation and painting 
practices in various industries. It is a 
practical encyclopedia of economical 


and satisfactory painting methods, 
rather than a technical treatise on 
paint formulation. Copies may be 


ordered from the Couneil at $6.00 each. 


Collector’s Item 


Strange things have been found at 
sewage plants, but a recent nomination 
for the strangest comes from John 
Cornella, Superintendent at Frontenac, 
Kans. His find?—an octopus; small 
and dead, but still an octopus. We 
knew that parts of Kansas had prob- 
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lems because of salt water, but we’ve 
always understood that was oil field 
brines, not sea water! 


Gas Explosion 
in New Manhole 


When the contractor’s superintend- 
ent on a sewer construction job at 
Oakley, Kans., was blown about 10 ft. 
into the air with a manhole cover on 
which he had been standing, gas leak- 
age from a broken utility line was un- 
doubtedly the cause. From the deserip- 
tion given by H. A. Janzen, District 
Engineer of the Kansas State Board of 
Health, in Splashings (Apr., 1954, p. 
4), a gas line had been slightly dam- 
aged during the construction opera- 
tions, but the damage was not deemed 
serious enough to warrant reporting it 
to the gas company, so the line was 
backfilled. 

Several days later, after the sewer 
construction was completed, the engi- 
neer and the contractor’s superintend- 
ent thought they smelled gas, but 
thought that the odor might have been 
given off from the jointing compound 
used. The engineer left to contact the 
gas company and have them check the 
line for gas. 

The contractor’s superintendent 
walked up the line to the next manhole, 
the last manhole on the line and up- 
grade from the one where the odor was 
detected. Standing on the manhole 
cover, he lighted a cigarette and 
dropped the match. The lit match, 
landing close to the pick hole in the 
cover, started an explosion that lifted 
the cover and the superintendent some 
10 ft. aloft. Luckily, although he ‘‘ rose 
to the occasion,’’ he sustained no se- 
rious injury from the return trip to 
terra firma, although he did suffer se- 
vere burns about the legs, face, and 
hands. 

Moral: Treat all manholes as poten- 
tial booby traps—all the time! 
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Reviews and Abstracts* 


Biological Treatment of Waste Waters 


Containing Phenol. By I. SéreNsEN. 
K. Fysiogr. Sdllsk. Lund. Férh., 20, 9 
10 pp. 

At the Lund sewage works at Kiillby, 
Sweden, sewage, after mechanical treat- 
ment and aeration, is passed through a 
series of four biological oxidation ponds. 
In the first three ponds the sewage is 
purified by the action of algae, bacteria, 
and protozoa. In the fourth pond large 
numbers of Daphnia magna filter the 
water during feeding and thus remove 
algae carried over into the final pond. 
Laboratory experiments were made to 
determine the effect of waste waters 
containing phenol on microorganisms in 
the oxidation ponds. In addition to 
phenol these waste waters also contained 
potassium, sodium, and iron and were 
strongly acidic. The waste waters were 
added in concentrations of 1, 2, 3, 4, and 
5 parts per 2,000 to cultures of algae and 
Daphnia, With concentrations below 3 
parts per 2,000 there was little alteration 
in the pH value, but at 3 parts per 2,000 
and higher the pH value was considerably 
reduced. No decomposition of phenol or 
formation of nitrate occurred. In cultures 
containing 1 to 2 parts per 2,000, the 
numbers of algae inereased, but all 
Daphnia were killed in 10 to 12 days. 
With 3 to 5 parts per 2,000, the numbers of 
algae decreased rapidly; with 3 parts per 
2,000, all Daphnia were dead in four days 
and with higher concentrations in one day. 

In another series of experiments the 
effect of the same concentrations of waste 
water on Daphnia alone was investigated 
and similar results were obtained. In a 
final series of experiments sewage con- 
taining 6 parts per 2,000 of the waste 
waters was stirred for four days, corre- 
sponding to the period of detention in the 


first three ponds, and was then mixed with 
water to give a concentration of 3 parts 
per 2,000 and added to a culture of algae 
and Daphnia in water from the fourth 
pond. After 10 days all Daphnia were 
dead. 

These experiments indicated that the 
presence of phenolic waste waters, at least 
in the concentrations used, had a strong 
toxic action on the organisms taking part 
in the purification of sewage. The highest 
permissible concentration of waste waters 
which will not reduce the pH value below 
the point of tolerance of the organisms is 
4 parts per 2,000. It is thought that the 
waste waters were also toxie to at least 
some bacteria, as no decomposition of 
phenol or formation of nitrate was ob- 
served. Also, that the gradual addition 
to the oxidation ponds of phenolic waste 
waters might encourage the development 
of organisms which could withstand these 
conditions and could decompose phenol. 


Ww. 
Sewage Treatment: Imhoff Tanks. By 
M. V. SuryaprakKasamM, Jour. Inst. 


Eng. (India), 31, 65 (June, 1951). 

This is « presentation of theory, design, 
and operation of Imhoff Tanks for primary 
treatment of sewage. Subjects covered 
are yardsticks for measurement of sewage 
purification, theory of sedimentation and 
digestion, design of various compartments 
and sludge drying beds, gas collection and 
utilization, and operational hazards. 

In countries like India, which are 
tropical in climate and do not manufacture 
machinery required, Imhoff tanks are 
suitable because they do not require 
complicated mechanical equipment and 
are easy to operate. It is clearly brought 


out that the sedimentation compartment 
has to be designed on surface loading 


* Please send to Federation headquarters all periodicals, bulletins, special reports, etc., which 


might be suitable for abstracting in Tuts JouRNAL. 


Publications of public health departments, 


stream pollution control agencies, research organizations, and educational institutions are par- 
ticularly desired. Address such material: Federation of Sewage and Industrial Wastes Assns., 


325 Illinois Bldg., Champaign, III. 
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rate and the depth of the tank on economy 
of construction and efficiency of per- 
formance. The volume of the digestion 
zone depends on the temperature, the 
quality, and the quantity of sludge to be 
treated. For Indian temperatures a capac- 
ity of 1.0 cu. ft. per capita is ample. 
In cold regions (where the average tem- 
peratures are below 60°F.) the digestion 
capacity is dependent on the time re- 
quired for proper digestion at the low 
temperatures. Scum and neutral zones 
have to be invariably provided. Dried 
sludge has manure value and can be used 
as a soil conditioner. 2. 


Coagulants from Coal Ashes. By Jerzy 
GANCZARCZYK. Gaz, Woda i Tech. 
Sanit., 27, 292 (1953). 

The average chemical composition of 
ashes from Silesian coal is reported as fol- 
lows: SiOz, Al,O3, 22%; Fe.O3, 12%; 
CaO, 12%; and MgO, 6%. These ashes 
were processed into coagulating materials 
by grinding, activation with H.SO,, dry- 
ing, and ageing. The effectiveness of 9 
such coal ashes as coagulants is reported. 
Reported results for the best activated ash 
coagulants showed that dosages of 220 to 
250 mg. per liter were needed to reduce the 
color of a given water from 60 to less than 
5 mg. Pt perl., the permanganate demand 
from 10 to less than 3.5 mg. O» per L., and 
the pH from 7.4 to about 6.5; whereas 60 


| x 
Industry (p.p.m.) 
Cheese! 61.1-66.8 
Cheese? 10.8—45.8 
Butter* 13.0-14.2 
Milk products? | 4.1-21.0 


1 Separate system. 
? Combined and cooling water 
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to 80 mg. per |. of alum resulted in a redue- 
tion in color to 5 mg. Pt per |., perman- 
ganate demand to 6 mg. O: per |., and pH 
to about 6.5. Increasing the flocculation 
time from 15 min. to 30 and 45 min. 
resulted in better removals or in a lowering 
of coagulant dosages. Although the dos- 
age requirements of the activated ash were 
3 times those of alum, the volume of sludge 
was only } of that with alum coagulation. 
Where alum is expensive the author pro- 
poses that this waste material be used in 
coagulation. Conrap P. STRAUB 


Purification and Utilization of Dairy 
Wastes by Overhead Irrigation of 
Meadows and Arable Land. By J. H. 
A. ScuaarsMa. Landbouwkundig Tijd- 
schrift, 65, 203 (Apr., 1953). 

Since 1924 the waste of potato flour has 
been sprayed on cultivated land with good 
results. The author, representing the 
Ministry of Agriculture, has made a 
survey concerning the volume and strength 
of the dairy wastes in Holland, particu- 
larly in respect to nitrogen, phosphorus, 
and potash in the wastes. A summary 
regarding the nitrogen content of the 
wastes of different types of industries was 
as given in Table I. 

Particular attention is paid to reducing 
the losses in the industry. As an illus- 


tration, the figures in Table II are given. 
W. Rupo.rs 


Vol 
(g.p.d.) kg. ‘day) 
1,325— 1,850 3.3-4.3 
2,650— 9,300 | 1.4-16.0 
4,000— 8,000 | 2.0-2.8 
26,500-80,000 4.1-63.0 


TABLE II. 
Before After 
Location | 
N Flow B.O.D. N Flow B.OL.D. 
| (p.p.m.) (g.p.d.) (kg./day) (p.p.m.) (g.p.d.) (kg./day) 
Plant 1 45.8 | 9,300 45 13.6 | 9,300 | 63 
Plant 2 38.6 | 3,900 78 | 14.9 3,900 | 36 
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Utilization of Cannery Fruit Waste by 
Continuous Fermentation. By 8. L. 
Apams. Bull. Wash. State Coll., No. 
207, p. 1 (1950). 


Fermentation of waste waters from 
canning of pears, peaches, apples, cherries, 
and maraschino cherries has been studied, 
and substances which increase the speed 
and efficiency of the process have been 
determined. In the case of pears, it was 
found that 90 per cent of the sugar is 
converted to alcohol in 30 hr. by the action 
of Saccharomyces cerevisiae No. 90, and 
that this time could be reduced to 10 
hr. by the addition of nitrogen. Dried 
residue can be used as a feedstuff for sheep. 

WwW. A. 


Detergents and Their Effect on Biological 
Oxidation. By C. Lump. Surveyor, 
112, 893 (1953). 


Concentrations of anionic and nonionic 
detergents from 20 to 90 p.p.m. were 
added to sewage which was treated in 
laboratory-scale trickling filters and acti- 
vated sludge tanks. The results indicated 
that the performance of both treatment 
processes was adversely affected by both 
types of detergents. The effects of the 
two different detergent types were additive 
when a mixture was present. Either type 
produced a tendency for the treated 
effluents to froth, due to incomplete de- 
composition of the detergents by the 
treatment processes. The adverse effects 
of detergents could be largely overcome 
by increased capacity of trickling filters, 
but activated sludge was permanently 
inactivated to some extent by one of the 
anionics tested. The effects became signifi- 
cant when their concentration reached 
about 10 p.p.m. in the settled sewage, 
which corresponds to about 20 p.p.m. in 
the raw sewage. Above that level, the 
effects increased sharply. M. C. Ranp 


A Simple Automatic Sampler for Water. 
By R. ano R. Bariaos. 
Reprinted from Chem. and Ind. (Brit.), 
p. 886 (1953). 


A detailed description of an automatic 
sampler is given. It is independent of an 
electrical current, requiring only a battery 
and a spring clock. Each sampling unit is 
complete, and the apparatus described 
consists of two racks each containing 12 
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sampling units, for the taking of hourly 
samples during a period of one day. It 
has been.successfully used on a river bank 
in the open with a suction lift of 2 or 3 ft. 
In tests, a sample has been lifted to a 
height of about 25 ft., although it is 
advisable to work at the lowest convenient 
head. R. E. ANDERSON 


Waste Water Reclamation in Relation to 
Ground Water Pollution. California 
State Water Pollution Control Board, 
Sacramento, Calif. 124 pp. (1953). 


For a period of 28 months the Sanitary 
Engineering Research Project of the 
University of California investigated the 
reclamation of water from sewage by 
spreading. The principal objectives of the 
investigation included a study of spreading 
on field plots to determine the following : 


1. Rate of percolation of industrial 
waste and sewage effluents on different 
soil types during spreading operation. 

2. Optimum spreading and resting 
periods to obtain maximum rates of 
percolation. 

3. Extent and degree to which mineral 
and organic matter (including bacteria) 
in the water will penetrate different soils. 

4. Changes in mineral and organic 
characteristics of both soil and water at 
different depths during percolation. 

5. Degree of treatment necessary for 
industrial waste and sewage to obtain 
satisfactory percolation rates, protection 
against contamination and nuisance 
(odors, ete.), and protection of under- 
ground water supply. 

6. Cost of spreading, as far as this is 
incidental to research. 


A site was selected adjacent to the 
sewage treatment plant at Lodi, Calif. 
Eight circular spreading basins, 19 ft. in 
diameter, were constructed with sheet 
metal dikes. Four of the basins were 
equipped with sampling facilities so that 
samples of the percolating liquid could be 
collected for bacteriological and chemical 
analyses at 1, 2, 4, 7, 10, and 13 ft. below 
the ground surface. Spreading was 
studied with three liquids: fresh water, 
sewage treatment plant final effluent 
having a B.O.D. of about 10 p.p.m., and 
settled sewage with a B.O.D. of about 
100 p.p.m. 

A number of operating variables were 
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studied to determine the conditions leading 
to maximum percolation rates and mini- 
mum contamination or pollution of the 
ground water. These variables included: 


1. The nature of the liquid being spread. 
The length of the spreading period. 
The length of the resting period. 

1. The effect of surface treatment such 
as spading, the use of a sand cover, and 
the application of a soil stabilizer. 


9 
3. 


After the termination of the field study 
the installations were dismantled and a 
careful study made of soil conditions and 
sampling devices. It was coneluded that: 


1. A bacteriologically safe water can be 
produced from settled sewage or from final 
effluent if the liquid passes through at 
least 4 ft. of soil. 

2. A water of satisfactory chemical 
quality can be produced from settled 
sewage or from final effluent, providing 
high concentrations of undesirable in- 
dustrial wastes are not included in the 
raw sewage. 

3. A highly treated sewage plant effluent 
must be used for spreading in order to 
obtain high rates of percolation. 

4. A percolation rate of at least 0.5 
acre-ft. per acre per day can be expected 
when spreading a final effluent on a 
Hanford fine sandy loam. 

5. The optimum method of spreading 
basin operation is to spread continuously 
for about a month, preferably with a 
liquid containing large amounts of organic 
matter, then to allow the basin to rest 
until the moisture content is reduced to 
about the permanent’ wilting point. 
Thereafter, cultivation of the dry soil 
seems desirable. Following this prelimin- 
ary treatment, continuous application of 
a final effluent may be carried on for as 
long as six months. Resting and cultiva- 
tion may then be repeated. 

6. Mosquitoes in spreading basins will 
create a nuisance and health hazard unless 
control measures are adopted. If algal 
odors are pronounced, the control of algae 
also may be necessary. 

7. Further investigations of percolation 
of sewage in different soils, and of phe- 
nomena associated with the movement of 
water into such soils, are needed in order 
to generalize the foregoing conclusions 
reached as a result of this study with 
Hanford fine sandy loam. P.O. 
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Water Pollution Report, Walnut River 
Basin. Division of Sanitation, Kansas 
State Board of Health, Lawrence, Kans. 
(1952). 

Volume [ of this two-volume work is a 
summary report of the division’s survey 
on this river basin. Although important 
progress has been made in recent years in 
disposing of oil field brine, there are many 
obstacles established by tradition to over- 
come in abating pollution caused by 
practices which have been followed since 
before oil pollution laws were adopted in 
Kansas. 

An industrial waste which seriously 
affects the streams of the valley is that 
produced by the oil refining industry. 
Until recently, knowledge of refinery 
waste treatment methods has been in- 
adequate. However, between 1945 and 
1952 sufficient work has been done on this 
type of waste to develop adequate methods 
of treatment. 

Oil field, industrial, and municipal 
wastes, the progress made in treating and 
disposing of them, and the damages to 
ground and surface waters caused by them 
are discussed in detail. Several municipal 
water supplies were abandoned because of 
brine pollution shortly after oil was first 
found in the basin (1915); no public 
water supplies were directly affected at 
the time of the survey. 

Volume II is the detailed technical 
report of the same survey. The con- 
clusions of this section are summarized as 
follows: 


1. The Walnut River basin is seriously 
polluted by oil field brines, industrial 
wastes from oil refineries, and municipal 
sewage. 

2. Excessive oil field brine pollution 
comes from 9 major areas in the basin, 
along the Walnut, Whitewater, and West 
Branch of the Walnut Rivers, and 11 
tributaries. 

3. Of the municipal sewage treatment 
plants, only three are adequate for the 
present loads. 

4. None of the refineries have satis- 
factory treatment facilities. One refinery 
at Augusta has, because of a limited supply 
of processing water, been forced to adopt 
a treatment process for its wastes so that 
the waste water can be re-used. 

5. Until the pollution problem is cor- 
rected there is little chance that further 
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industrial development can occur in the 
basin where the industry may require 
considerable quantities of fresh water. 


Recommendations for abating pollution 
include elimination of all brine ponds and 
brine discharges to surface watercourses ; 
dike protection of all oil storage tanks 
against spillage; special construction of all 
pipe line stream crossings; new or re- 
constructed treatment plants at five mu- 
nicipalities; and oil separation sec- 
ondary biological treatment installations 
at several petroleum refineries. 

Both volumes are available, but as loan 
copies only, from the publishing agency. 


m. P. ©. 


Studies on the Disinfection of Sewage 
Using Sub-Chlorine Demand Dosages. 
By W. Hermanowicz anp W. Dozan 
ska. Gaz, Woda, i Tech. Sanit., 27, 255 
(1953). 

The procedure followed in these studies 
consisted of the collection of a grab sample 
of Warsaw sewage (8 AM); settling for 2 
hr.; determination of the chlorine demand 
(15-min. contact time, residual of 0.1 me. 
per |.), which ranged from 3.5 to 7.5 mg. 
per |. of chlorine; chlorination of the 
wastes; and determination of bacterial 
reductions at temperature of 15°, 20°, and 
25°, and contact times of 5, 15, and 30 
min. All samples collected for bacterial 
analysis were placed in bottles containing 
0.5 ml. of 10 per cent NaSO; for dechlori- 
nation. Bacterial dilutions were prepared 
and inoculations made in Fijkman bullion 
and agar, which were incubated at 37° C. 
and read at 24 hr.; E. coli determinations 
were made using Endo, Simons, Clark, 
Voges-Proskauer media, and reaction with 
methyl red. Membrane filters also were 
employed in the EF. coli determinations on 
Endo agar. Thirty-eight series of tests 
were made in which more than 1,000 plates 
were inoculated. The results indicated 
that removals of 99.9 per cent of the bac- 
teria could be obtained following 30-min. 
contact at 15° C. at a dose equal to 40 per 
cent of the chlorine demand, at 20° C. at 
40 per cent of the chlorine demand, and at 
25° C. at 20 per cent of the chlorine 
demand. Initial bacterial counts in the raw 
sewage ranged from 300,000 to 2,000,000. 
Other observations given by the authors 
included the following: (a) longer contact 
time at lower dosages gave as good results 
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as higher dosages at short contact times; 
(b) dosages as low as 10 per cent of the 
chlorine demand dose gave substantial 
removals (to 80 per cent); and (¢) oxida- 
tion-reduction potentisl measurements at 
low chlorine dosages showed that the E, 
value increased with increased removals of 
bacteria. After analyzing their data the 
authors developed «a first-order equation 
which related the per cent bacterial reduc- 
tion and the time of contact. This equa- 
tion was of the form 

_ 2.303 


100 


t i100 


in which A equals the rate of bacterial 
reduction, ¢ is the time of contact, and 7 
the observed percentage removal. A 
table of A values is given for various tem- 
perature and chlorine dosages (expressed 
in per cent of the chlorine demand). 
Conrad P. STRAUB 


Sludge Digestion at Birmingham Works. 

Surveyor, 113, 47 (Jan. 16, 1954). 

This is a rather detailed account of the 
results realized in digestion of sewage 
sludges at five different works in the city 
of Birmingham, England. Gas yields and 
reduction of organic matter, as well as the 
B.O.D. and ammonia content of the sludge 
liquors, are reported. The sludges digested 
at the several plants differ in character, 
containing various proportions of solids of 
industrial origin, waste activated sludge, 
and humus. Accordingly, digestion prac- 
tice varies from plant to plant. The effects 
of these variations upon the results ob- 
tained are considered in the report. 


M. C. Rano 


Report on a Systematic Study of the 
Algae of Sewage Oxidation Ponds. By 
C. AND GEoRGE F. PapEN- 
Fuss. Publ. No. 7, State Water Pollu- 
tion Control Board, Sacramento, Calif. 
(1953). 

Use of oxidation ponds to provide see- 
ondary sewage and waste treatment is 
currently finding wider use and acceptance. 
Aeration in such ponds is commonly by 
algae. This paper presents field studies, 
to amplify laboratory studies of the process. 

Ten localities, including many ponds, 
were surveyed. Three handled only do- 
mestic sewage, the others treat milk or 
other wastes as well. About 20 photo- 
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synthetic und two colorless genera were 
identified and studied. Many of the spe- 
cies are illustrated, and their relative as 
well as absolute abundances are given. An 
evaluation of their ecological status and 
their behavior aside from aeration is dis- 
cussed, especially the fact that many such 
species utilize organic compounds in nutri- 
tion. Thus they may be of much more 
use in purification (mineralization) than is 
commonly realized. It is pointed out that 
a study of algae as complementary to bac- 
teria is especially needed. Algal domi- 
nance and succession is well shown in the 
ponds, but no clearly defined pattern was 
found, and no explanation of causes is 
advanced ; further work is necessary. Rela- 
tion of pond design and layout, loading and 
operation, to performance and algal popu- 
lation is considered. 

The paper is a carefully considered pres- 
entation with 50 back- 
ground. James B. Lackry 
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Algal-Bacterial Symbiosis in Sewage Oxi- 
dation Ponds—Third Progress Report. 
By Haroup B. Goraas AnD W1LLI1AM J. 
OswaLp. Inst. of Eng. Research, Univ. 
of Calif., Berkeley, Calif. (Dee. 31, 
1952). 

This third report emphasizes the increas- 
ing cost of adding oxygen in any sewage or 
waste treatment process. It also reiterates 
that oxygenation by photosynthesis has 
been neglected. Besides oxygenation, al- 
vue may use organic compounds in the sub- 
strate, may tie up substantial amounts of 
B.O.D. in the algal cells, may serve as food 
for insect larvae, and may influence purifi- 
cation because of symbiotic relations with 
purification bacteria. 

The report treats three phases of work. 
In the first, aseptic system culture tubes 
holding 1,200 ml. produced, among other 
results, mathematical formulas showing 
the relationship between oxygen produc- 
tion and the volume of algal cells; oxygen 
production as related to detention time; 
proof that intense illumination eventually 
destroyed chlorophyll. Light intensity, 
light periodicity, and illumination fre- 
quency are under study with these culture 
tubes, as well as effects of strengths of 
sewage, and temperature. Pure cultures 
of algae and bacteria are used ; the number 
of these now includes 11 strains represent- 
ing 7 species of 4 genera of algae and 24 
strains of 10 genera of bacteria. 


SEWAGE AND INDUSTRIAL WASTES 


July, 1954 


In the second phase, symbiocon tubes, 
like the aseptic system culture tubes ex- 
cept sealed to external air, demonstrated 
a mutual growth benefit between Euglena 
gracilis and sewage bacteria, a not hitherto 
shown relationship. Such sealed cultures 
gave preliminary information on pH, D.O., 
and B.O.D., which is being further inves- 
tigated. Chlamydomonas (3 species) was 
also used with bacteria and showed a dif- 
ferent but inconclusive growth picture. 

In the third phase a pilot-seale oxidation 
pond was operated after July 1, 1952. Its 
effluent can be centrifuged and the super- 
natant recirculated through the pond; re- 
circulation rate, depth, and detention 
period can be varied. Two experimental 
pond loadings yielded some tentative con- 
clusions. B.O.D. removal is 80 per cent 
or better, and the pond responds well to 
operational principles established in the 
laboratory. 

The whole report shows careful work 
planning and accounting for all possible 
variables. Some natural hesitancy to 
aecept preliminary results is evident (this 
is, after all, a progress report), but some 
results are definite. It has been shown 
that certain algae ean be grown in fresh, 
strong domestic Their highest 
rates of oxygenation occur at short deten- 
tion periods; the highest rates of aerobic 
bacterial growth should be concurrent. 
Continuous high-rate treatment of domes- 
tic sewage has been accomplished, resulting 
in conversion of putrescible organic matter 
into algal cell material and a stable highly 
oxidized liquor of low B.O.D. Variables 
such as detention time, intensity of illumi- 
nation, symbiosis of algal with bacterial 
species, and precision controls have been 
or are being evaluated. 


sewage. 
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Laboratory Studies on the Coagulation of 


Spent Sulfite Wastes. By Jerzy GaX- 
CZARCZYK AND JERZY DoMANSKI. Gaz, 
Woda i Tech. Sanit., 27, 302 (1953). 


The wastes investigated had the fol- 
lowing range in chemical composition: pH 
6.8 to 7.3, total solids 827 to 1,720 mg. per 
l., loss on ignition 575 to 1,145 mg. per 1., 
permanganate O, demand 385 to 1,087 mg. 
per L., calcium 89 to 179 mg. per I. Ca, iron 
24 to 162 mg. per |. Fe. Various coagu- 
lants were used and the results obtained 
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with each being summarized as follows : 


Alum—dosage 2,500 mg. per 1. Al:(SO4)s 
-18H.O. Color reduced to 200 mg. per I. 
Pt, permanganate demand to 73 mg. per 1. 
Ov, pH 4.8. Correcting for pH with 400 
mg. CaO reduced the color to 60 mg. per IL. 
Pt, O. demand to 70 mg. per 1. Ov, and the 
pH was increased to 7.0. The sludge con- 
tained 99.3 per cent moisture and 36,808 
mg. per |. of sludge (dry weight, 105° C.). 

Ferrous sulfate—pH raised to 10.9 to 
12.1; dosage 1,800 mg. per 1. FeSO,-7H.O 
and S00 mg. perl. CaO. Color reduced to 
100 mg. per lL. Pt, O2 demand to 44 mg. per 
1. Oo, and pH raised to 11.1. The sludge 
contained 99.4 per cent moisture and 
27,859 mg. per |. of sludge (dry weight, 
105° C.) 

Ferrous sulfate and Cl-—pH raised 
to 8.5 to 11.8; dosage 1,600 mg. per lL. 
FeSO,-7H:O, plus the required amount of 
chlorine, plus 1,000 mg. perl. CaO. Color 
reduced to 150 mg. per |. Pt, O2 demand to 
75 mg. per |. Ov, and pH increased to 11.0. 
The sludge contained a moisture content 
of 98.9 per cent and 23,016 mg. per |. of 
sludge (dry weight, 105° C.) 

Milk of lime—dosage 6,000 mg. per 1. 
CaO. Color reduced to 180 mg. per 1. 
Pt, O. demand to 40 mg. per |. Ov, and 
pH raised to 12.3. 

Milk of lime and saturation with CO.— 
dosage 4,500 mg. per 1. CaO. Color 
reduced to 100 mg. per 1. Pt, O. demand to 
38 mg. per |. Os, and pH was 7.0. The 
sludge contained 86.3 per cent moisture 
and 172,654 mg. per 1. solids (dry weight, 
105° C.) 

Milk of lime and CaOCl.—dosage 4,500 
mg. per 1. CaO und 100 mg. per 1. CaOCh. 
Color reduced to 150 mg. per 1. Pt, O» 
demand to 30 mg. per L., and pH raised to 
12.2. The sludge contained 86.1 per cent 
moisture and 129,630 mg. per |. solids (dry 
weight, 105° C.) 

Increasing the flocculation time from 15 
to 30 min. lowered the color by 10 to 20 
per cent, the O, demand by 10 to 30 per 
cent, or permitted a 15 per cent lower 
dosage of chemicals. The authors indicate 


that lime treatment, because of the pos- 
sible regeneration by calcining and re-use 
of lime, might be the most satisfactory 
process in view of the iarge sludge volumes 
Conrap P. STRAUB 


for disposal. 
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Treatment of Sulfate Cellulose Process 
Wastes. By Haina SIEKIERZYNSKA 
AND JeRzY ZIELINSKI. Gaz, Woda i 
Tech. Sanit., 27, 324 (1953) 

Following a description of the sulfate 
process, the authors give the results of 
laboratory studies on the treatment of 
these wastes by coagulation with lime, 
sulfuric acid, and ferrous sulfate and 
CaOCh. The data presented indicate 
that coagulation with lime will result in a 
50 per cent reduction in the O. demand 
(permanganate), with H SO, in a reduc- 
tion of 50 to 80 per cent, and with FesSO,- 
7H.O + CaOChk in a reduction of less than 
50 per cent. Conrad P. Srraus 


Water Pollution Research 1953. H. M. 
Stat. Off., London, Eng. 62 pp. (1954): 
available in U.S. through British Infor- 
mation Services, 30 Rockefeller Plaza, 
New York 20, N. Y. 

Included are the reports of the Water 
Pollution Research Board and the Director 
of Research, deseribing the work of the 
Water Pollution Research Laboratory 
during 1953. Results of investigations of 
interest were as follows: 

Water—Currently used water treatment 
processes will not remove all radio-isotopes 
likely to be present in a water contami- 
nated as a result of an atomic explosion, 
although a comparatively high proportion 
of some isotopes would be removed. 

Sewage—Further work has been done on 
the relation between the efficiency of a 
percolating filter treating sewage and the 
rate of movement of the distributor. There 
seems to be an optimum rate of movement 
for a distributor, which (for a circular 
filter) may be lower than that commonly 
found at sewage works. For example, in 
four large circular filters at Birmingham 
the optimum rate of distributor rotation 
appears to be 1 rev. in 15 to 30 min. With 
this rate, the filters become much less 
ponded, and the quality of the final efflu- 
ent is much better, than when the distribu- 
tors revolve more rapidly. 

One of the effects of reducing the rate of 
travel is usually to inerease the extent of 
nitrification, often by a considerable 
amount. During one period of three 
months the concentration of oxidized nitro- 
gen in effluent from a pair of filters with 
distributors rotating once in 30 min. was 
more than twice as great as in effluent from 
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a similar pair of filters on which the dis- 
tributors rotated once in 1 tod min. The 
reasons for these differences are not known, 
but some preliminary work is described on 
the movement of water through experi- 
mental filters. 

Surface storm drainage from a housing 
project also was studied. Suspended 
solids varied from 30 to 1,000 p.p.m., but 
the B.O.D. rarely exceeded 20 p.p.m., 
usually being about 7 p.p.m. except at the 
beginning of storms. 

Industrial Wastes—Acclimatization of 
the organisms of a biological filter to metal- 
lic eyanides makes possible toleration of 
concentrations of the order of 100 p.p.m. 
In fact, some metallic cyanides (potassium, 
and zine and cadmium complexes) can be 
destroyed in a trickling filter without addi- 
tion of sewage or other nutrient. The 
economies and convenience of biological 
destruction of electroplating and_ steel 
hardening wastes are being compared with 
those of the chemical methods currently 
used. 

Segregation of retort-house liquor from 
gas plant wastes and treatment of hot gas 
in electrostatic detarrers allowed addition 
of 2.5 per cent by volume of spent gashouse 
liquor without deterioration of sewage 
treatment. 

Anaerobic fermentation of cotton kier- 
ing “black liquor” for four days at 30° C. 
reduced the B.O.D. by about two-thirds. 
The gas evolved contained nearly 70 per 
cent methane. 

Effects on fish—Variations in the num- 
bers of fish present in an open channel 
carrying the effluent of the Colne Valley 
sewage works seem unrelated to the chem- 
ical changes in the effluent. Toxicity 
studies by the laboratory have shown, how- 
ever, that the precise level of oxygenation 
of a contaminated water may be of great 
importance, even though much higher than 
in itself would cause asphyxiation. 

Thames Estuary survey—A large propor- 
tion of the work of the laboratory was con- 
cerned with study of conditions in the 
Thames Estuary. The main effort was 
concentrated on the sources and rates of 
deoxygenation and reoxygenation. 

H. P. 


Annual Report, Commissioner of Public 
Works, Fitchburg, Mass., for 1952. 
This report covers streets, water, sewers, 

and sewage disposal. W. Lamothe, opera- 
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July, 1954 


tor of the sewage works, reports that in 
1952 the treatment works handled an 
average flow of 4.12 m.g.d. (or 97.9 g.p.e.d.) 
The detention period in the Imhoff tank 
settling chambers averaged 5.25 hr. The 
skimmings averaged 3 cu. ft. perday. The 
trickling filters treated an average of 2.24 
m.g.a.d. The nozzles cleaned per day 
averaged 10.5. The population contribut- 
ing was estimated at 42,000. The total 
volume of sludge (Imhoff and secondary) 
removed was 980,000 gal., of which 610,000 
gal. was delivered to air drying beds and 
the balance to lagoons. The sludge beds 
were cleaned twice. No analyses are 
reported. The operator states that the 
plant delivered a highly purified effluent 
to the North Branch of the Nashua River. 
LANGDON PEARSE 


Public Health Engineering Achievements 
and Problems. By Kk. H. Vick. Sur- 
veyor, 113, 29 (1954). 

This presidential address to the Insti- 
tution of Sanitary Engineers is written 
from a British standpoint. After discuss- 
ing general trends in sanitation, particu- 
larly in sewerage and drainage, Mr. Vick 
comments on the lowering of standards in 
sewerage practice due to lack of funds. 
Problems have also arisen due to 
replanning. 

The London County Council points to 
brick sewers 100 years old, which need 
enlarging to carry present-day flows. 
Also, many sewage works are overloaded 
and must be modernized or enlarged. 

Research on the sludge problem had 
developed a feeling that sludge should be 
returned to the land, vet digested sludge is 
only of moderate value as fertilizer, lacking 
potash. However, he considers activated 
sludge has greater possibilities, despite its 
large volume. The London County Coun- 
cil has been experimenting on freezing, 
thawing, and subsequent dewatering of 
activated sludge, but has yet to demon- 
strate the economy of the procedure. 

On April 1, 1954, London County 
Council was to be empowered to con- 
trol the industrial wastes entering its 
sewers, having received authority in 1953 
to regulate the quality, quantity, and rate 
of discharge, by agreement with the in- 
dustries, where information has been 
obtained. 

Mr. Vick advocates continued research 
and adequate training of young sanitary 
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engineers, as well as the coordination of 
various groups interested in public health. 
LANGDON PEARSE 


Annual Report Bureau of Sewers, for the 
Year Ending December 31, 1951, City 
of Worcester, Mass. 

Worcester has a total length of sewers 
(to 1952) of 499 mi., of which 226.56 are 
sanitary, 192.3 are surface, and 70.22 are 
combined. In 1951 there were 36,668 
house connections. 

In 1951 the sewage treatment plant 
handled 10,066.2 m.g. at a cost of $9.51 
per m.g. and $0.501 per capita served (est. 
190,000), with an average removal of 80.8 
per cent B.O.D. and 86.4 per cent sus- 
pended solids. The average pH of the 
raw sewage varied from 6.7 to 7.0. 867,808 
gal. of waste pickling liquor from industry 
were deposited on the old sand filters. 
The total sludge removal from the Imhoff 
tanks was 4,152.5 tons of dried material, 
containing in 45.77 per cent volatile, 
1.59 per cent iron as Fe, and 1.45 per cent 
ammonia. The detention period in the 
Imhoff tanks was 2.4 hr. The trickling 
filters were dosed at 2.85 m.g.a.d. (new) 
and 2.82 m.g.a.d. (old). The final clarified 
effluent ranged from 1.07 to 1.34 p.p.m. of 
nitrite-nitrate content. 

Air-dried sludge was removed from the 
beds by contract for $0.87 per cu. yd. 

The report contains tables on cost, and 
analytical data. LANGDON PEARSE 


Studies of Bathing Water Quality and 
Health. By ALBert H. STEVENSON. 
Pub. Health, 43, 5, 529 (1953). 


Studies to determine what quality of 
bathing water would be acceptable under 
local conditions were made on Lake Mich- 
igan at Chicago, IIl.; the Ohio River at 
Dayton, Ky.; a nearby swimming pool in 
the same area; and Long Island Sound at 
New Rochelle and Mamaroneck, N. Y. 
The results demonstrated that an appreci- 
ably higher over-all illness incidence may 
be expected in the swimming group over 
that in the nonswimming group, regardless 
of bathing water quality. Some 100 per 
cent higher illness incidence is shown in 
the group under 10 years than for those 
over 10 years of age. A significant in- 
crease in illness incidence was observed 
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among swimmers using the South Beach 
at Chicago on three selected days when the 
water had an average coliform content of 
2,300 per 100 ml. A second instance of 
positive correlation was observed in the 
Ohio River study where swimming in water 
having a median coliform density of 2,700 
per 100 ml. appears to have caused a sig- 
nificant increase in gastrointestinal ill- 
nesses. Indications are that some of the 
strictest bacterial quality requirements 
currently set for natural bathing waters 
might be relaxed somewhat without signifi- 
cant detrimental effect on the health of the 
bathers. H. P. ORLAND 


BOOKS, REPORTS, 
AND PAMPHLETS 


Proceedings 59th Annual Public Works 
Congress. Amer. Pub. Works Assn. 85 
pp. Price, $5.00 (1953). 

Contains the papers of the Congress 
held at New Orleans, La., in October, 
1953. Included are three papers of a 
symposium on composting as a method 
of garbage disposal, one on principles of 
design and operation of municipal in- 
cinerators, and a symposium on_ inter- 
governmental relations in public works, 
including the place of sewage treatment in 
the organizational structure. 


Proceedings of the Illinois Association of 
Sanitary Districts—29th Annual Report, 
1953. 59 pp. (1953). 


1953 Annual Report. Interstate Sani- 
tation Commission, New York, N. Y. 
33 pp.+maps and appendices (1954). 


Firing with Sulfite Waste Liquor. Rep. 
No. Comm. on Coordination of 
Research, Amer. Paper and Pulp Assn., 
New York, N. Y. 7 pp.+13_ figs. 
(1953). 

A reprint of a paper by G. Edling read 
at the Annual Meeting of the Norwegian 

Steam Users’ Assn., Mar. 24, 1953. 


Shinnecock Bay—Mecox Bay Drainage 
Basin. Suffolk County Survey Series 
Report No. 4, N. Y. State Water Poll. 


Control Board, Albany, N. Y. 
+maps (1953). 


21 pp. 
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Stadtreinigung. Kdited by W. Kout- 
SCHUTTER, W. SCHWENKE, AND A. D. 
STAHLKOPF. Verlag fiir Technik und 
Kultur, Berlin-Charlottenburg, Ger- 
many (1953). 

This German book on municipal sani- 
tation is available in loose-leaf form and 
comprises five main divisions: A. Sewage 
in General; B. Sewer Systems; C. Purifi- 
cation and Utilization of Sewage; D. Dis- 
posal and Utilization of Garbage and 
Trash; and E. Air Purification. 

At present, Division C only has been 
published, containing individual sections 
CA, CB, CC, CE, and CF, which are 
offered separately in loose-leaf form. 


CC I-III. Biological Purification of Mu- 
nicipal Wastes. By Heinz STAHLKOPF. 
The first 48 pages of this section cover 

the various types of filters. Standard 

filters and the different types of high-rate 
filters, including those of American origin, 
are described and illustrated. There fol- 
lows 32 pages covering the activated 
sludge process and describing the various 
methods of surface aeration, mechanical 
aeration, air diffuser systems, and combi- 
nations of these types. The discussion of 
plant loadings includes the process (the 

Magdeburg P-process) developed by Nolte, 

which proposes the addition of nitrogen 

and phosphorus as needed for the treat- 
ment of highly concentrated wastes, espe- 
cially industrial wastes containing phenol. 

The average demand of N and P recom- 

mended by Meinck is 1 mg. of N for 20 mg. 

B.O.D. and 1 mg. of P for 75 mg. B.O.D., 

compared with 3 mg. of N and 1 mg. of 

P for 45 mg. B.O.D. recommended in the 

American literature. The Nolte process 

allows loading on aeration units up to five 

times conventional loadings. 

Section CC is confined to the purifica- 
tion of the wastes only. Sludge disposal 
and sludge utilization are discussed in a 
separate section. 


CE. Examples of Existing Treatment 
Plants. By Hrinz STAHLKOPF. 


This 73-page section gives complete 
descriptions of eight treatment plants con- 
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structed for municipalities ranging from 
1,300 to 800,000 population equivalent, 
including a neutralizing plant for a metal- 
working industry. 

The design data for each plant are ex- 
plained in detail and supplemented by 
design drawings, computations, and photo- 
graphs. The reasons for the selection of 
the particular design are outlined. Most 
of the described designs are either partial 
treatment plants or complete treatment 
by filters. The design of the largest plant 
for a sanitary district in an industrial area 
calls for primary treatment followed by a 
two-stage activated sludge process (paddle 
aeration). The first stage allows 2-hr. 
aeration, followed by settling, the second 
stage provides 8-hr. aeration and final set- 
tling. Digester gas is carefully scrubbed, 
compressed, and bottled for use in trucks 
or households. 

A novel method of polishing plant efflu- 
ent is mentioned in the description of an 
institutional plant where the effluent from 
a primary treatment plant is diluted by 
fresh water and then conveyed to two fish 
ponds from 8 in. to 2 ft. in depth. The 
ponds, stocked with German carp and 
trout, are expected to yield 0.7 lb. of fish 
per capita per year. 

These sections reveal that German engi- 
neers prefer mechanical types of aeration 
by paddle, brushes, etc., to the diffused air 
methods, which they claim to be too costly 
to operate. Power recovery from sludge 
gas for small gas engine-driven air blowers 
(or pumps), as well as large dual-fuel gas 
engines as practiced in the U.S.A., seems 
to be considered less economical than the 
intricate preparation of bottled sludge gas 
for use in trucks and households. 

Pre-aeration and the great value (eco- 
nomically and technically) of chemical pre- 
treatment of highly concentrated and fluc- 
tuating wastes prior to their biological 
treatment are apparently not recognized as 
much as in the U.S.A. 

[Abstractor’s note—The prices for the 
various sections range from $2.00 to $5.00 
each. ] Paut A. UHBLMANN 
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SEWAGE AND INDUSTRIAL WASTES 
Farmington, Mo. & 
Sewage Disposal Plant uses... 


The sewage treatment plant at Farm- 
ington, Missouri includes a number of 
Walker Process units. 

Tractor Drive Circular Collector 
mechanisms are installed in both the 
44’ diameter primary and 38’ diameter 
final settling tanks. These rugged units 
feature a unique simplified tractor ar- 
rangement, providing rotational force 
at the tank periphery. 

A four-arm 10” H_ Rotoseal rotary 
distributor delivers 1570 gpm over the 
120° filter bed. A mechanical Neoprene 
seal and large cast bronze lower thrust 
bearing add to the trouble-free opera- 
tion of this unit. 

The 39’ diameter Floating Cover on 


Rotoseal Rotary Distributor 
Tractor Drive Circular Collectors 


Floating Cover and HeatX for Digester 


the digester is designed so that no truss 
or frame work protrudes above the 
tank. Constant gas pressure is main- 
tained. Ballast and counter weights are 
suspended below the cover as positive 
prevention against overturning. 

The Walker Process HeatX accom- 
plishes sludge heating outside the di- 
gester. This self contained unit includes 
control panel, burner, hot water tube 
boiler and shell, and tube exchanger. 
It operates on natural and sewage gas. 


Consulting Engineer: Charles A. Haskins 


Kansas City, Mo. 
Frank Zimmer 


Otha Parker 


Superintendent: 
Chief Operator: 


Engineering and manufacturing a complete line of 
water, waste and sewage treatment equipment. 


WALKER PROCESS 


ering Offices — Laboratories 
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Proceedings of Member Associations 


LOUISIANA CONFERENCE 
ON WATER SUPPLY 
AND SEWERAGE 


The 1954 Annual Meeting of the 
Sewage Works Section, Louisiana Con- 
ference on Water Supply and Sewer- 
age, was held at Louisiana State Uni- 
versity, Baton Rouge, La., March 10— 
12, 1954, in conjunction with the 17th 
Annual Short Course. 

Papers presented at the sewage sec- 
tion meetings stressed plant records 
and public relations, safety practices, 
plant arithmetic, control tests, opera- 
tion and maintenance of plant equip- 
ment, chlorination, sewer system prob- 
lems, and grit and sludge disposal, in 
addition to the regular short course 
subjects. 

Officers elected for 1954-5 were: 


Chairman: J. Li. Love, Lafayette. 
Vice-Chairman: R. L. Lawrence, Alex- 
andria. 
Secretary-Treasurer: G. H. West, Lake 
Charles. 
G. H. West, 
Secretary-Treasurer 


NEW JERSEY SEWAGE AND 
INDUSTRIAL WASTES 
ASSOCIATION 


Once again a new attendance record 
was set by the New Jersey Sewage and 
Industrial Wastes Association at its 
49th Annual Meeting, held at the Hotel 
Traymore, Atlantic City, N. J., March 
10-12, 1954. Paid registration was 450, 
including 67 ladies. 


(Continued on page 
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SNOW GATES 


SEWAGE TREATMENT PLANTS 


All types of cast iron gates manufactured in 
either square or circular opening in sizes up 
to and including 72 inches. 


ALL SNOW GATES and Lifts are “ Parker- 
ized"’ for protection against rust and corro- 


Over 40 years continuous service to the in- 
dustry. 


We will be pleased to quote on any type of 
water controlling equipment. 


SNOW Gates & VALVES 


2437 East 24th Street 


for 


Los Angeles 54, Calif. 
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SEWAGE AND INDUSTRIAL WASTES 


AN 

INTEGRATED OPERATION 
FOR THE PRODUCTION 
OF 

CAST IRON 

PRESSURE PIPE 


cast iron 


PIPE 


FOR WATER GAS SEWERAGE 
AND INDUSTRIAL SERVICE 


United States Pipe and Foundry Company has 
recently attained a goal long planned-for: com- 
plete and undivided control of every step in the 
production of basic raw materials that go into the 
making of U. S. Cast Iron Pipe. 


This means ownership of mining operations 
(coal and iron ore)—quarrying operations (lime- 
stone)—coking and blast furnace operations—for 
the production of pig iron. 


In addition to being able to control the quality 
of pipe-making raw materials at their sources, our 
Quality Control of pipe production gives further 
assurance to customers that the quality level of 
U. S. Cast Iron Pipe is in excess of standard 
specifications. Our pipe is produced to our own 
quality control specifications, more exacting than 
the established specifications under which cast 
iron pipe is normally purchased. 


U. S. PIPE & FOUNDRY COMPANY 


Pipe Installations GENERAL OFFICES: BIRMINGHAM 2, ALABAMA 


A wholly integrated producer... from mines and blast furnaces to finished pipe. 
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Technical papers presented were as 
follows : 


‘‘Instrumentation for Sewage Plant 
Operation,’* by I. T. Klein, General 
Laboratory Supply Co., Paterson, N. J. 

‘Design and Operation of Experi- 
mental Equipment for Biological Treat- 
ment of Complex Organie Chemical 
Wastes,’’ by George Hendee and Louis 
Tueei, Caleo Chemical Div., American 
Cyanamid Co., Bound Brook, N. J., and 
Alfred Cherry, Lederle Laboratories 
Div., American Cyanamid Co., Pearl 
River, N. Y. 

‘*Industrial Wastes in Municipal 
-Flexible or Strict Regula- 
tions?’* by H. Heukelekian, Professor, 
and H. Orford, Acting Chief, Depart- 
ment of Sanitation, Rutgers University. 

‘*Cost Studies of Sewage Disposal 
Systems,’’ by John W. Zelley, New 
Jersey State Dept. of Health, and 
Michael S. Kachorsky, Borough Engi- 
neer, Manville. 


Sewers 


~ 
Athena, Oregon 
(24’-0” diameter) 
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Consultant 
FRANK R. OFNER 


LAKESIDE ENGINEERING CORPORATION 


222 West Adams Street 


‘Organic Wastes Treatment in a 
Suspended Solids Reactor,’’ by Gordon 
A. Olson and R. W. Haywood, Jr., En- 
vineering Dept., E. I. du Pont de Ne- 
mours and Co. 

‘‘The Trend in Quality and Joints 
for Reinforced Concrete Sewer Pipe,”’ 
by Hugh Kennison, Chief Engineer, 
Lock Joint Pipe Co. 

‘*Maintenance of Metering and Con- 
trol Equipment,’’ by F. L. Sommer, 
Simplex Valve and Meter Co. 

‘‘Treatment of Milk Receiving Plant 
Wastes,’’ by A. J. Powers and S. Trani. 
Farm Products Div., The Borden Co. 

‘*Reduction of Paper Mill Pollution 
Through Recireulation,’’ by E. I. Mer- 
rill, Plant Engineer, Johns-Manville 
Corp., Manville. 


As usual, the last morning was de- 
voted to an Operators’ Breakfast and 
Business Meeting, followed by a sym- 


posium on ‘‘Headaches in Sewage 


(Continued on page 272a) 


SPIRAGESTER 


Modern 
Low Cost 
Efficient 


Combination 
Waste Treatment 
Unit 


for 
Municipalities 
Industries 
Sub-Divisions 
Schools 
Hospitals 


Resorts 


Bulletin 124 
available upon request 


Chicago 6, Illinois 
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Thousands of feet of Vit- 
rified Clay Pipe sewers are 
being installed to serve 
many aircraft defense 
workers who live in this 
Santa Monica, Calif., resi- 
dential area. The project 
is being handled by con- 
tractors N. J. Tomovich 
and J. P. Evans. 


Wherever There’s Expansion ... 
Clay Pipe is first choice 
for SAFE SEWERAGE! 


Ask the officials and engineers of almost 
any expanding locality, and they will tell 
you that Vitrified Clay Pipe is the first- 
choice sewerage material to meet the 
requirements of growing areas. 

In one project after another, you find that 
Clay Pipe is first choice for availability, 
easy installation, and never-wear-out per- 
formance. 

When a project is being financed over the 
years by a bond issue, Clay Pipe is a 
“must,” because it is guaranteed for 50 
years. Whenever you specify, buy or 
install sewer lines, insist on performance- 
proved material . . . Vitrified Clay Pipe. 


NATIONAL CLAY PIPE MANUFACTURERS, INC. 


1520 18th St. N. W., Washington 6, D. C. 


311 High Long Bldg., 5 E. Long St., Columbus 15, Ohio 


703 Ninth & Hill Bldg., Los Angeles 15, Calif. 
100 N. LaSalle St., Rm. 2100, Chicago 2, Ill. 
206 Connally Bldg., Atlanta 3, Ga. 
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Catalog 54 is @ 


o,.. catalog itself has 32 descrip- 
tive pages on products, and is divided into the 
following sections: ‘Shop Coats and Primers for 
Steel,” “‘Tnemec Exterior Steel Finish Systems,”’ 
“Interior Painting with Unity in Color,” 
proof Coatings for Exterior Concrete, Concrete 
Masonry, Brick and Stucco,” and “Exterior 
Wood.” 

Also included is a 24-page Specification 
Booklet. Seven pages are specifications in chart 
form covering the ‘Surface,’ “Prime Coat” and 
the “Finish System.’ The other pages are de- 
tailed specification and procedure bulletins on 
individual type surfaces. 

Your request for Catalog 54 should be on your 
company letterhead. Be sure complete mailing 
address is shown. 


TNEMEC 
TEE- NEE’- MEK 
“Spell It Backwards” 


W. 23rd Ave., North Kansas City, 


| Treatment,’’ comprising a panel of 
| plant superintendents. 


Officers elected for the 1954-6 bi- 
ennium were as follows: 


President: J. W. Hood, Ridgewood. 
ist Vice-President: J. Collom, Borden- 
town. 
2nd Vice-President: A. Palmer, Dunel- 
len. 
FSIWA Director: S. Seid, New Bruns- 
wick. 
Secretary-Treasurer: M.S. Kachorsky, 
Manville. 
M.S. KacHorsky, 
Seeretary-Treasurer 


ARKANSAS WATER AND 
SEWAGE CONFERENCE 


The 23rd Annual Meeting of the 
Arkansas Water and Sewage Confer- 
ence, held in conjunction with the An- 
nual Short School at Little Rock, Ark., 
Mareh 22-24, 1954, set a new high of 
213 registrations. 

-apers of interest to sewage works 
personnel included : 


‘‘Operating Difficulties with Fixed 
and Movable Covers,’’ by Marion I. 
Crist, Consulting Engineer, Little 
Rock. 

‘Grit, Scum, and Grease Removal 
Devices,’’ by Max A. Mehlberger, Con- 
sulting Engineer, Little Rock. 

‘““Engineered Planning in Sewerage 
Improvements,’’ by T. Wilson Clap- 
ham, Engineer-Manager, Little Rock 
Sanitary Sewer System. 

‘*Property Inventory and Records, 
by M. R. Ulmer, Assistant to Manager, 
Water and Light Plant, Jonesboro. 


Officers elected for 1954—5 were: 


Chairman: A. O, Chastain, Wynne. 

Vice-Chairman: L. J. Embree, Mag- 
nolia. 

Secretary-Treasurer: 
Magnolia. 


Harrison Hale, 


HARRISON HALE, 
Secretary-Treasurer 
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ey YOUR WASTE LINE 


Sediflotor 


Trade-Mark 


CLARIFIER 


will help you REDUCE 
your WASTE instead 
of your PROFIT 


Learn how the “SEDIFLOTOR” 
Clarifier can help you 

streamline your waste water 
handling . . . with IMPORTANT 
SAVINGS to you. This coupon can 
bring details . . . quickly. 


INFILCO INC. Tucson, Arizona 
Plants in Chicago and Joliet, Illinois 


Field offices in 33 principal cities 
in the U.S., Canada and Mexico. 


INFILCO INC., P. 0. Box 5033, Tucson, Arizona 
(_] Send me more information on the ‘“‘SEDIFLOTOR” 
Clarifier Bulletin 6051-S. 
(] Please have an INFILCO field engineer call 


Nome 


Title. 


Firm. 


Address 


City Stote 
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Equipment and Supply Lines 


Laboratory Equipment—bBulletin 
No. 700 gives comprehensive data on 
many types of laboratory apparatus.— 
Andrew Technical Service, Chicago 26, 
Til. 

Thermocouple Wires—Data on 
thermocouple and extension wires are 
given in Specification Sheet 307.—Min- 
neapolis-Honeywell Regulator Co., 
Philadelphia 44, Pa. 

Chain—Bulletin 53-56 describes cor- 
rosion and abrasion-resistant chain of 
Z-metal.—Chain Belt Co., Milwaukee 
1, Wis. 

Lightweight Pipe—Specifications 
and application data for lightweight, 
lockseam, spiralweld pipe and fittings 
are given in Bulletin No. 507.—Naylor 
Pipe Co., 1230 East 92nd St., Chicago 
19, Til. 

Respirator—A single respirator pro- 
tecting against toxic dusts and organic 
vapors is described in Bulletin No. 
1007-4+.—Mine Safety Appliances Co., 
Braddock, Thomas and Meade Sts., 
Pittsburgh 8, Pa. 

Water Treatment—A new bulletin 
describes three-stage reactors for soft- 
ening and clarifying surface and waste 
waters for re-use——American Water 
Softener Co., Philadelphia, Pa. 

Pipeline Heaters—Bulletin G. E. A- 
5095A describes numerous pipeline ap- 
plications of Calrod tubular heaters.— 
General Electric Co., Schenectady 5, 
N.Y. 

Liquid Level Indicator—A new liq- 
uid level indicator system uses an 
ultrasonic pulse ranging technique to 
accurately indicate levels in processing 
and storage tanks to within 0.01 ft., as 
well as precisely locate the demarcation 
line between immiscible liquids.— 
Bogue Electric Mfg. Co., Paterson, 
N. J. 


Backflow Preventer—Available in 
all sizes from 1 in. to 16 in., a new 


backflow preventer automatically main- 
tains a reduced pressure zone between 
double check valves.—Backflow Engi- 
neering and Equipment Co., Los 
Angeles, Calif. 

Sludge Thickening Process—Applic- 
able to controlled continuous thicken- 
ing of both primary and secondary 
sludge, the new ‘‘Densludge’’ process 
is said to eliminate digester superna- 
tant liquor and reduce sludge volume 
up to 50 per cent.—The Dorr (o., 
3arry Place, Stamford, Conn. 


Plug Valve—Grooved-end _lubri- 
eated plug valves are available for use 
with grooved-end couplings on steel 
and iron pipe. The somewhat flexible 
connections are particularly suitable 
for lines subject to vibration, expan- 
sion, contraction, and uneven settle- 
ment, especially at pumping station 
connections and viaduct and bridge 
crossings.—Rockwell Mfg. Co., 400 
North Lexington Ave., Pittsburgh 8, 
Pa. 

Flow Regulator Drive—Pneumati- 
cally-operated control drive for valves, 
dampers, feeders, ete., may be operated 
on a straight-line flow characteristie.— 
Bailey Meter Co., 1050 Ivanhoe Rd., 
Cleveland 10, Ohio. 

pH Control—Bulletin 340-92. re- 
views continuous pH recording and 
control in water treatment, control of 
chemical reactions, and waste disposal. 
A separate section on chemical reac- 
tions explains pH control in emulsifica- 
tion, electrolysis, neutralization, hy- 
drolysis, biochemical processing, co- 
agulation and precipitation, and bleach- 
ing, dyeing and conditioning of fibers 
and fabries——Beckman Instruments, 
Ine., South Pasadena 1, Calif. 


Acid-Proof Cement—New 4-page 
bulletin describes Staminite acid-proof 
cement and gives application instruc- 
tions.—The Robinson Clay Products 
Co., 65 W. State St., Akron 9, Ohio. 
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Low land, flat grades? 
High water table? 


Rolling land? 


Excavation problems? 


the problem— 
Transite’ Sewer Pipe 


speeds installation, cuts operating costs 


In a wide range of conditions, 
Transite Sewer Pipe and its 
Ring-Tite® Coupling provide 
installation and operational plus- 
advantages that add up to im- 
portant cost savings. 


Flow Coefficient 
n=0.010 wit h 
Transite Sewer Pipe, specified 
velocity of flow can be attained 
at a minimum grade. Initial sav- 
ings may also be reflected in 
smaller pipe sizes. Its unusually 
low flow coefficient (n=0.010 
derived from the Manning 
formula) makes this possible. 


For in- 


This means less cubic yards of 
excavation, and may also mean 
... elimination of pumping... 
location of treatment plant at 
higher elevation . . . lower in- 
stallation costs especially if in 
wet or ground-water conditions. 


[Tight Joints Where 


ground wa- 
ter conditions exist (due to a 
constant water table or during 
seasonal rains) Transite’s Ring- 
Tite Couplings are tight... thus 
treatment-plant dollars are spent 
to treat normal sewage only, not 
excessive and unnecessary in- 
filtration. 


[ Strength Made of asbes- 

tos and cement, 
Transite Sewer Pipe is strong 
and durable. It withstands heavy 
load stresses, eliminates expen- 
sive cradling in many cases. It is 
available in two strength classi- 
fications. 


Transite Sewer Pipe is easily 
handled, quickly assembled and 
lowered into trench where it 
adjusts more accurately to line 
and grade. The Ring-Tite Coup- 
lings are easily and quickly 
pulled, forming tight, flexible 
joints that start tight and stay 
tight. 


For your copy of TR-94A, the helpful widely used Sewer Design Flow Chart, 
based on the Manning formula, write Johns-Manville, Box 60, New York 16, N. Y. 


Johns-Manville TRANSITE SEWER PIPE 


THE PIPE WITH THE TIGHT JOINTS 
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SEWAGE AND INDUSTRIAL WASTES 


DIRECTORY OF ENGINEERS 


(Continued through page 281a) 


ALBRIGHT & FRIEL, INC. 
FRANCIS S. FRIEL 
Consulting Engineers 
WATER, SEWAGE AND INDUSTRIAL 
WASTE PROBLEMS 
AIRFIELDS, REFUSE INCINERATORS 
INDUSTRIAL BUILDINGS 
CITY PLANNING ALUATIONS 

REPORTS LABORATORY 


Suite 1509-18 
121 S. Broad St. PHILADELPHIA 7 


ALVORD, BURDICK & HOWSON 
Engineers 

Charles B. Burdick 

Donald H. Maxwell 


Louis R. Howson 


Water Works, 
Flood Relief, 
Disposal, 


Water Purification, 

Sewerage, Sewage 

Drainage, Appraisals, 
Power Generation 


Civie Opera Building Chicago 


ANDERSON - NICHOLS 
AND COMPANY 
Consulting Engineers 
Water Supply, Distribution and Treatment, In- 
dustrial Waste Treatment, Sewage Collection and 


Disposal, Refuse Collection and Disposal, Drain- 
age, Highways and Bridges 


Boston 14, Mass. 
New York 36, N.Y. Concord, N. H. Baltimore, Md. 


JOHN J. BAFFA 


Consulting Engineer 


Sewerage & Sewage Treatment 
Industrial Wastes Treatment 
Design Plans & Specifications 
Investigations & Rate Studies 


75 West Street New York 6, N. Y. 


MICHAEL BAKER, JR., Inc. 
The Baker Engineers 
Civil Engineers, Planners, and Surveyors 
Municipal Engineers {irport Design —Sewage Disposal 
Systems Water Works Design and Operation — Surveys 
and Maps —City Planning —Highway Design —Construc- 


tion Surveys —Pipe Line Surveys 


Home Office: Rochester, Pa. 
Jackson, Miss. 


Branch Offices: Harrisburg, Pa. 


BAXTER AND WOODMAN 
Civil and Sanitary Engineers 


Water Supplies Water Treatment 

Sewage Treatment 

Industrial Waste Treatment 
Investigations 


Sewer Systems 


Pr. O. Box 67 Crystal Lake, Ilinois 


BLACK & VEATCH 


Consulting Engineers 


SEWAGE = WATER 


INDUSTRY 


ELECTRICITY 


Reports, Design, Supervision of Construction 
Investigations, Valuation and Rates 


4706 Broadway 


Kansas City 2, Missouri 


W. H. & L. D. BETZ 
Consulting Engineers 


Industrial Waste 
Indust. ial Water 


CLINTON L. BOGERT ASSOCIATES 
Consulting Engineers 

CLINTON L. BoGEerRT Ivan L. Bogert 

J. M. M. Greie Ropert A. LIncoun 

DoNALD M. DITMARS ARTHUR P. ACKERMAN 


Water and Sewage Works 


Analysis Design 
Investigations Operation 
Gillingham & Worth Sts. Philadelphia 24, Pa. 


Refuse Disposal 
Drainage 


Industrial Wastes 
Flood Control 


624 Madison Ave., New York 22, N. Y. 


Take advantage 


of the services 


of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


BOWE, ALBERTSON & ASSOCIATES 


Engineers 


Sewerage —Sewage Treatment 
Water Supply -Purification 
Refuse Disposal — Analyses 

Municipal —Industrial Projects 

Valuations -Reports — Designs 


110 William Street New York 7, N. 


BROWN AND BLAUVELT 
Consulting Engineers 
Water Supply Airports 
Highways 
Industrial Buildings 
Railroads 


New York 16, N. Y. 


Sewer Systems 
Sewage Disposal Plants 
Industrial Wastes Problems 


468 Fourth Avenue 


BUCK, SEIFERT AND JOST 
Consulting Engineers 
(FORMERLY NICHOLAS S. HILL ASSOCIATES) 


Specializing in Sewerage and Sewage Disposal, 
Water ay and Water Purification, 
Valuations and Reports 


Chemical and Biological Laboratories 
112 East 19th Street New York 3, N. Y. 


Civil and Sanitary Engineers 
Established 1908 
Sewage and industrial wastes disposal 
Investigations, reports, design, rates 
Laboratories, Plant Supervision 


2015 W. Fifth Ave. Columbus 12, Ohio 


BURNS & McDONNELL 


Consulting and Designing Engineers 


Kansas City 2, Mo. 
P.O. Box 7088 


Cleveland 14, Ohio 
1404 EB. 9th St. 


ONLY $60 PER YEAR 


is the cost of a professional listing 
A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


in this space. 


CAMP, DRESSER and McKEE 
Consulting Engineers 
Water Ww orks and Ww ater Treatment 


F end Control 


6 Beacon St. Boston 8, Mass. 


CAPITOL ENGINEERING CORPORATION 


Engineers—Constructors—Management 
SEWAGE SYSTEMS WATER WORKS 
Designs and Surveys Roads and Streets 

Planning Airports 
Bridges Dams 
Executive Offices 
DILLSBURG, PENNSYLVANIA 


THE CHESTER ENGINEERS 


Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Power Plants—Incineration—Gas Systems 

Valuations—Rates—-Management 

Laboratory—City Planning 


210 E. Park Way, Pittsburgh 12, Penna. 


CHAS. W. COLE & SON 
Engineers ~ Architects 
Municipal Industrial 

Commercial 
220 W. LaSalle St., South Bend, Ind. 
Phone 4-0127 


CONSOER, TOWNSEND & ASSOCIATES 


Water Supply —Sewerage—Flood Con- 
trol & Drainage—Bridges—Ornamen- 
tal Street Lighting—Paving—Light 
and Power Plants. Appraisals. 


351 East Ohio St. Chicago 11, Ill. 


Your firm should be 
listed here 


. the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


It pays to secure competent and experienced engineering advice! 


is 
Municipal and Industrial Wastes 
Investigations and Reports ae 
Design and Supervision oF 
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Damon & Foster 


Consulting Cirtl Engineers and 
Surveyors 
Sewerage, Sewage Disposal, Water Supply, 
Surveys, Land Subdivision, City and Town 
Planning, Reports, Design, Supervision 


Sharon Hill, Pennsylvania 


FREDERICK H. DECHANT 
ENGINEER 
Chairman of the Board, Frederic R. Harris Inc. 
Water Works, Industrial Wastes, 
Sewerage, Recovery Processes, 
Hydraulic Works, Gas Plants 
Philadelphia: Fidelity Phila. Trust Bidg. 
New York: 27 William St. 


DE LEUW, CATHER & COMPANY 


Water Supply Sewerage 
Railroads Highways 
Grade Separation—Bridges—Subways 
Local Transportation 


Investigations — Reports — Appraisals 
Plans and Supervision of Construction 


150 North Wacker Drive 
505 Colorado Bldg. 


Chicago 6 
Washington 5 


CONSULTING ENGINEERS! 


If you specialize in sewage and indus- 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 


Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


CATHODIC PROTECTION 


Engineering—Surveys—Design— 
Installation 


Electro Rust-Proofing Corp. (N.J.) 


Belleville 9, New Jersey 


FAY, SPOFFORD & THORNDIKE 
ENGINEERS 
RALPH W. Horne 
Bion A. BowMANn WILLIAM L. HYLaNnp 
CARROLL A. FARWELL FRANK L. LINCOLN 
Howarp J. WILLIAMS 
Water Supply and Distribution—Drainage 
Sewerage and Sewage Treatment 
Airports—Bridges—Turnpikes 

Port and Terminal Works—Industrial Bldgs. 

BOSTON NEW YORK 


JOHN AYER 


FINKBEINER, PETTIS & STROUT 


Carveton 8. Finkretner Cnarves E, Perris 
Haroup K. Srrovut 
Consulting Engineers 
Reports, Designs, Supervision, 
Water Supply, Water Treatment, Sewerage, 
Sewage Treatment, Wastes Treatment 
Valuations & Appraisals 


518 Jefferson Avenue Toledo 4, Ohio 


FREESE, NICHOLS AND TURNER 
Consulting Engineers 


2111 C & I Life Building 
Houston 2, Texas 


CH-1624 


FROMHERZ ENGINEERS 
Structural - Civil - Sanitary 
Four Generations Since 1867 

Water Supply; Sewerage; Structures ; 

Drainage; Foundations 
Industrial Waste Disposal 
Investigativas; Reports; Plans and 
Specifications ; Supervision 


823 1/2 Poydras St. New Orleans, La. 


Your firm should be 
listed here 


the most complete Directory 
available of consultants specializing in 
sewage and industrial wastes treat- 
ment. 


EDWARD A. FULTON 
Consulting Engineers 


Investigations, Reports, Valuations, De 
sign and Construction—-Water Supply and 
Purification Plants: Sewerage and Sew 
age Treatment Works; Municipal Paving 
and Power Developments; Dams and 
Flood Control 


3209 Brown Road Saint Louis 14, Missoari 


GANNETT FLEMING CORDDRY 
& CARPENTER, INC. 
ENGINEERS 
Dams, Water Works, Sewage, Industrial Wastes & Gar- 
bage Disposal, Highways, Bridges & Airports, Traffic & 
Parking—Appraisals, Investigations & Reports. 
HARRISBURG, PENNA. 

Branch Offices: Pittsburgh, Pa. Philadel- 
phia, Pa. Daytona Beach, Fla. Pleasant- 
ville, N. J. Chesapeake, W. Va. 


Take advantage of the services 


of these outstanding consultants! 
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SEWAGE AND INDUSTRIAL WASTES 


GILBERT ASSOCIATES, INC. 


Engineers and Consultants 
Water Supply and Purification 
Sewage and Industrial Waste Treatment 
Chemical Laboratory Service 
Investigations and Reports 


New York ton St. Washington 
Houston ING, PA. Philadelphia 


Consulting Sanitary Engineers 
Sewerage and Sewage Treatment 
Water Supply and Purification 
Industrial Wastes Disposal 
Design, Construction and Supervision 


of Operation 
1001 N. Front Street Harrisburg, Pa. 


GREELEY & HANSEN 
Engineers 
Samuel A. Greeley Paul Hansen (1920-1944) 
Paul E. Langdon Kenneth V. Hill 
Thomas M. Niles Samuel M. Clarke 


Water Supply, Water Purification 
Flood Control, Drainage, Refuse Disposal 
Sewerage, Sewage Treatment 


220 S. State Street, Chicago 4 


ONLY $60 PER YEAR 


is the cost of a professional listing 
in this space. A card here will iden- 
tify your firm with the specialized 
sewage and industrial wastes field and 
will afford maximum prestige! 


HASKINS, RIDDLE & SHARP 
Consulting Engineers 


Water Sewage 
Industrial Wastes 
Refuse Hydraulics 
1009 Baltimore Ave. 


Kansas City 5, Mo. 


HAVENS AND EMERSON 
W. L. Havens Cc. A. Emerson 
A. A. Burger F. C. Tolles F. W. Jones 
H. H. Moseley J.W. Avery F.S. Palocsay 
E. 8S. Ordway 
Consulting Engineers 
WATER, SEWERAGE, GARBAGE, INDUSTRIAL 
WASTES, VALUATIONS—LABORATORIES 
Leader Bidg. Woolworth 
Cleveland 14, O. New York 7, N. 


HAZEN AND SAWYER 
ENGINEERS 
Ricuarp Hazen ALrrep W. 


Municipal and Industrial Water Supply 
Purification and Distribution 
Sewage Works and Waste Disposal 
Investigations, Design, 
Supervision of Construction and Operation 


110 East 42nd Street New York 17, N. Y. 


HENNINGSON, DuRHAM 


& RICHARDSON, INC. 
Consulting Engineers since 1917 for more than 
600 cities and towns 


Water Works, Light and Power, Sewers, Sewage 
Treatment, Reports, Flood Control, Appraisals, 
Drainage 


Standard Oll Bidg. Omaha 2, Nebraska 


HORNER & SHIFRIN 


Consulting Engineers 

W. W. Horner E. E. Bioss 

H. SHIFRIN V. C. Liscuer 
Airports — Hydraulic Engineering 
Sewerage and Sewage Treatment — 
Water Supply — Municipal Engineering 

— Reports 
Shell Building, St. Louis 3, Missouri 


JONES, HENRY & WILLIAMS 


(Formerly Jones, Henry & Schoonmaker) 
Consulting Sanitary Engineers 


Water Works 
Sewerage & Treatment 
Waste Disposal 


Security Bldg. Toledo 4, Ohio 


KEIS & HOLROYD 


Consulting Engineers 
Formerly Solomon & Keis 
Since 1906 
“ Supply and Purification, Sewerage and 
Sewage uateesh, Garbage and Refuse 
Disposal and Incineration, Industrial 
Buildings. 


TROY, N. Y. FT. LAUDERDALE, FLA. 


ENGINEERING OFFICE OF 
CLYDE C. KENNEDY 
offers 
COMPLETE ENGINEERING SERVICE 
Investigations, Reports, Design 
Supervision of Construction and 
Operation 
Sewerage, Sewage Treatment and 
Industrial Waste Disposal 
Chemical and Biological Laboratory 
604 MISSION ST., SAN FRANCISCO 5 


It pays to secure competent and experienced engineering advice! 
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MORRIS KNOWLES Inc. 
Engineers 
Water Supply and Purification, Sewer 
age and Sewage Disposal, Valuations, 


Laboratory, City Planning. 


1312 Park Bldg. Pittsburgh 22, Pa. 


Wm. S. Lozier Co. 
Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 
fication, Refuse Disposal 
10 Gibbs Street Rochester, 4, N. Y. 


GEORGE B. MEBUS 
Consulting Engineer 
Water Supply Sewage Treatment 


Industrial Waste Treatment 


NORTHWESTERN NATIONAL BANK BUILDING 
GLENSIDE, PA. 


METCALF & EDDY 
Engineers 
Water, Sewage, Drainage, Refuse and 
Industrial Wastes Problems 


Laboratory Valuations 
Airfields 


Statler Building 
Boston 16 


Nussbaumer, Clarke & Velzy, Inc. 
Consulting Engineers 
SEWAGE TREATMENT—WATER SUPPLY 
INCINERATION—DRAINAGE 
INDUSTRIAL WASTE TREATMENT 
APPRAISALS 
327 Franklin St., Buffalo, N. Y. 

500 Fifth Ave., New York 36, N. Y. 


PAN AMERICAN CONSULTANTS 
Engineers 

River & Harbor Development—Hydroelec- 

tric Power—Dams—Ports—Flood Control 

Irrigation — Reclamation — Airports— Wa- 

ter Supply—Sewage & Industrial Waste 
Treatment 

Reports—Consultation—Design 

Midland Building, 176 West Adams St., 

Chicago 3, Il. 


PARSONS, BRINCKERHOFF 
HALL &@ MACDONALD 
G. Gale Dixon, Associate 
Civil and Sanitary Engineers 
Water, Sewage, Drainage and 
Industrial Waste Problems. 


Structures - Power — _ Transportation 


51 Broadway New York 6, N.Y. 


CONSULTING ENGINEERS! 
If you specialize in sewage and indus 
trial waste disposal problems, prospec- 
tive clients will expect to find your card 
in the Directory of Engineers contained 
in the... 

Official Professional Journal of the 
Sewage and Industrial Wastes Field! 


PIATT AND DAVIS 
WM. M. PIATT P. D. DAVIS 
Consulting, Designing, and Supervising Engineers 
Water Works, Sanitary Sewers, Water Purification 

Sewage Treatment, Public Buildings, Streets 

Power Plants, Electrical Distribution 
Reports and Appraisals 


One Eleven Corcoran St. Bidg. Durham, N.C. 


MALCOLM PIRNIE ENGINEERS 


Civil and Sanitary Engineers 

Malcolm Pirnie Ernest W. Whitlock 

Robert D. Mitchell Carl A. Arenander 

Malcolm Pirnie, Jr. 
Investigations, Reports, Plans 
Supervision of Construction 
and Operations 
Appraisals and Rates 


25 West 43rd Street New York 36, N. Y. 


LEE T. PURCELL 
Consulting Engineer 
Water Supply & Purification; Sewerage & Sew- 
age Disposal; Industrial Wastes; Investigations 
& Reports; Design; Supervision of 
Construction & Operation 


Analytical Laboratories 
36 De Grasse St. Paterson 1, N. J. 


THOMAS M. RIDDICK 


Consulting Engineers and Chemists 


Municipal and Industrial Water Purification, 
Sewage Treatment Plant Supervision, 
Industrial Waste Treatment 
Laboratories for Chemical and Bacteriological 
Analyses 


369 E. 149th St. New York 55, N.Y. 


Take advantage of the services 


of these outstanding consultants! 
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RIPPLE AND HOWE 
Consulting Engineers 
O. J. B. V. Howe 
Appraisals—Reports 
Design—Supervision 
Water Works Systems, Filtration and Softening 
Plants, Reservoirs and Dams, Sanitary and 
Storm Sewers, Sewage Treatment Plants, 
Refuse Disposal, Airports 


833-35 Twenty-Third St. Denver 5, Colorade 


RUSSELL AND AXON 
Consulting Engineers 
Civil — Sanitary — Structural 
Industrial — Electrical 
Rate Investigations 
408 Olive St., Municipal Airport 
St. Louis 2, Mo. Daytona Beach, Fla. 


SMITH and GILLESPIE 


Consulting Engineers 


All types of 
Municipal Public Works & 
Utilities 


Complete Services 
P. O. Box 1048, Jacksonville, Fla. 


STANLEY ENGINEERING COMPANY 


Sewerage—Waterworks 
Drainage—Flood Control 
Electrie Power-—Airports 


Hershey Building 
Muscatine, Ia. 


ALDEN E. STILSON & ASSOCIATES 
Limited 


Consulting Engineers 


Water Supply—Sewerage—Waste Disposal 
Bridges—Highways—lIndustrial Buildings 
Studies—Surveys—Reports 


209 S. High St. Columbus 15, Ohio 


Your firm should be 
listed here 


. . the most complete Directory 
available of consultants specializ- 
ing in sewage and industrial wastes 
treatment. 


J. STEPHEN 
J. S. WatTKINS . R. WATKINS 
CONSULTING 
Municipal and Industrial Engineering, Water 
Supply and Purification, Sewerage and Sewage 
Treatment, Highways and Structures, Reports, 
Investigations and Rate Structures. 
251 East High Street Lexington, Kentucky 
Branch Office 
901 Hoffman Building Louisville, Kentucky 


WERTZ ENGINEERING CO., Inc. 
CONSULTANTS, DESIGNERS & 
CONSTRUCTORS 
Water Supply & Purification 


Sewage & Industrial Waste Treatment 
Stream Pollution Studies 


Chemical & Bact. Laboratory Service 


411 North 2nd St. Reading, Pa. 


WESTCOTT & MAPES, Inc. 
Engineers 
VALUATIONS—STU DIES—REPORTS 
DESIGN—SUPERVISION 
Industrial Waste Problems 
Utilities—Industrial Plants 
Commercial 

ubliec Works 


New Haven, Connecticut 


WESTON & SAMPSON 
Consulting Engineers 
Water Supply Water Purification 
Corrosion Control 
Sewerage, Sewage and Industrial 

Wastes Treatment 

Stream Pollution Studies 

Supervision, Valuation 

Laboratory 


14 Beacon Street Boston 8, Mass. 


WHITMAN & HOWARD 
Engineers (Est. 1869) 
Sewerage, Sewage Disposal, Municipal and In- 
dustrial Development Problems, Water Supply, 
Water Purification, Water Front Improvements, 
Investigations, Reports, Designs, Supervision, 
Valuations 


89 Broad Street, Boston, Mass. 


WHITMAN, REQUARDT & ASSOCIATES 
Engineers—Consultants 
Civil — Sanitary — Structural 
Mechanical — Electrical 
Reports, Plans Supervision, Appraisals 
1304 St. Paul Street Baltimore 2, Maryland 


It pays to secure competent and experienced engineering advice! 


~ 
cone 
‘ 
g 
4 
& 
3% 
= 


4 


AND INDUSTRIAL WASTE 


SEWAC 


(S31LID NI 


‘pe sajaBuy soq “aay 


silvs 


¥ ~ 


INIWdINOAT GNV STOOL ONINVW3I19 


YG; Bf. 103 


JINIT 1839048V1 


‘spoyjow pasuea 
-pe spsou 
jo Apnis jueysuod ino 
dul] Ul paaoidut pue poziusa 
-pow Ayjuewodu usaq 
uaye) sem siyy 

"JNO Jad 
“PW 
jooid,, s1ydei30} 
-oud SI puy ‘sulesp W40}S 
INO si Swaqosd ay) Jo 
usaq sey ‘ajdwexa ‘aurey ‘psojpues 
*suiajqoid dyidads pure [elo 
-uad Jamsue ay) juawdinby 
‘epuojy ‘uel 0} ‘uO 
PIUJOJILD ‘OTIIG URS ‘psOjpuLg 


INIVW ‘GUO4JGNVS LV 


2828 
2 

: 

: 

4 

i 
5 
: 


INDEX TO ADVERTISERS 


A C F Industries, Incorporated (Valve Division) .....+..0s0cseesccscnceceesneeestecsreees 2008 
Armce Drainage and Metal Products, Incorporated 
Builders-Providence, Incorporated (B-I-F Industries, Inc.) 2478 
Cast Iron Pipe Reseatch Association 2538 
Chapman Valve Manufacturing Company S028 
Chicago Pump Company® S408 
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Bogert, Clinton Associates 
Bowe, Albertson & Associates 
Brown & Blauvelt 


Nussbaumer, Clarke & Velay, Inc. 
Pan American Consultants 
Capitol Engineering Corp. 
Chester Engineers, The 
Pirnie, Malcolm, Engineers. 
Purcell, Lee 'T. 
Riddick, Thomas M. 


Dechant, Frederick H, 

De Leuw, Cather & Company 

Electro Rust-Proofing Corp. (N. J.) 

Fay, Spofford & Thorndike 

Finkbeiner, Pettis & Strout 

Freese, Nichols & Turner 

Fromberz 

Fulton, Edward A 

Gannett Fleming Condy. & Carpenter, Inc. 
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Glace and Glace 
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Odors reduce the efficiency and availability 

of sewage plant personnel—usually 

mean septic sewage—and Causey 


Strike back effectively and econonticaliy? 
at this sewage plant nuisance 
dependable W&T Chlorinator. Chlorination. 

kills the bacteria which cause-Od@m 


* 


Don't suffer through the rest.ofishe 
season. See your W&T Representative ROW. 


FEATURES OF WET cHLORINATORS 


Visitle Vacuum Operation 
A glance shows thet the unit is cone: gee 
properly. 

Food Pate Indicator has 


Rugged constrection 


Built to withstand the corrosive 
phere of sewage plants, 


A 


Controls available to aay 


Methods of chlorinater control 
manual, semi- - automatic, rate, Sieg 
8-85 


and fully automatic. 
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